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ABSTRACT
Students enrolled in a public school in the state of Ohio are required to take the Algebra I end of
course assessment while enrolled in an Algebra I class and are required to take the ACT during
the spring of their junior year. The Algebra I assessment is part of the Ohio graduation
requirements with a specific score needed for graduation. Many colleges require an ACT score
for entrance to their school and some college scholarships require a specific score to apply and/or
receive the scholarship. Due to the necessity of certain scores on these assessments, educators
and students are likely to be motivated to achieve higher scores. Determining a relationship
between these two assessments as well as the relationship with the Algebra I assessment and
student demographics on the ACT would be useful to educators and students. This study was
completed using student data on the Algebra I assessment, ACT, and student demographics of
high school students at Piqua High School. Students that were included were not involved in the
study, only their data was used which was compiled by the Piqua City School District curriculum
director. Data came only from students that were a part of the 2021 senior class, had taken the
ACT between December 2019 and December 2020. Data collected included the Algebra I
assessment score, ACT composite score, ACT mathematics section score, and student
demographics. Student demographics included were gender, race/ethnicity, future educational
aspirations, math class the student was enrolled in when they took the ACT, socioeconomic
status, and exceptionality of a student. The research found that there is a simple linear regression
relationship between the Algebra I score and ACT composite score, with a positive slope. There
is also a simple linear regression relationship between the Algebra I score and ACT mathematics
section score, with a positive slope. When determine which student demographics along with
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the Algebra I score can help predict the ACT composite score, it was found that only the math
class a student was enrolled in is a significant predictor. It was also found that when controlling
for the Algebra I score, the math class a student was enrolled in has a significant effect on the
ACT composite score. This study found there is a positive relationship between the Algebra I
assessment and ACT scores, therefore students and educators can use this to potentially help
improve ACT scores. Since it was found that the math class a student is enrolled in can affect the
ACT, it might be beneficial for students to use this fact to help improve their ACT score if desired.
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CHAPTER I: Introduction
Introduction
The purpose of this chapter is to present the research problem, the purpose and
significance of the study, and the primary research questions and hypotheses. Also included in
this chapter is an introduction to Ohio statewide assessment measures, including the ACT. The
research design, theoretical framework, assumptions and limitations, definition of terms, and
the scope of the study are also addressed. Lastly, the design of the research, the theoretical
framework, assumptions, limitations, scope of the study, and definition of terms to be used will
be addressed.
State and national assessments have been around for decades and have become a
major topic for all educators. In the state of Ohio, at the high school level, students take
multiple state assessments which determine if they will graduate. Currently, students are to
take seven total state assessments to determine their graduation eligibility which include ninth
grade language arts, tenth grade language arts, Algebra I, Geometry, Biology, American History,
and American Government (Ohio's State Tests in English Language Arts, Mathematics, Science
and Social Studies). Many high school students also take national tests such as American
College Testing (ACT). Although the ACT is not currently required to graduate high school in
Ohio, it is becoming more popular for schools to require students take this test.
The ACT is a national test that is used by colleges as a college readiness assessment.
However, all public schools in Ohio are required to administer the ACT to their juniors free of
charge; although there are some students who are exempted from testing, most students in a
public school will take the ACT during the spring of their junior year (ACT/SAT Questions and
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Answers). The purpose of the ACT is to test college readiness; therefore, if a student does not
plan to attend college this score is not important to them. Some students put more importance
on the ACT score depending on their personal goals and needs. Some colleges do not require an
ACT score while others have a minimum score to be accepted and some students desire a
certain score for a scholarship opportunity. Because all juniors that are required to take the ACT
have different goals and different reasons for needing a certain ACT score, or do not need a
score at all, it could be assumed that some students will try harder on the ACT than others.
The study was conducted using students from Piqua High School in Piqua, Ohio. The
intent of this study was to help determine the relationship, if any, of the Ohio state Algebra I
assessment and the ACT. State testing is a requirement for all students that are enrolled in an
Algebra I class in a public school by the state of Ohio. The goal of the study was to identify the
correlation, if any, between the Algebra I state assessment with the composite ACT as well as
the Algebra I state assessment with the math subscore of the ACT. The researcher also
investigated factors that could have led to a higher relationship between the two assessments.
The factors included socio-economic status, ethnicity, the math class the students were
enrolled in when they took the ACT, the student’s educational aspirations, and if a student is
classified as exceptional.
Each state is required to have a set of standards for each content being taught;
however, these standards are not the same across the nation (Dickinson & Adelson, 2015). Any
student that takes the ACT is taking the same test, no matter the state in which they reside.
This is not the case for state assessments; since each state has their own set of standards, they
will also have their own state assessments for graduation. Therefore, it would be relevant for
2

educators to know how similar their state test is compared to the national ACT. There are also
differences in the Ohio state test and the ACT that could play a role in the differences in the
scores such as the state test being given on a computer compared to testing on paper. Another
difference is that the state test is being given as a way to measure what was learned in a
specific high school class, (in the case of this study it is the Algebra I test), whereas the ACT is to
measure college readiness and does not focus on any one specific class. According to Dickinson
and Adelson, how closely aligned the ACT is to state assessments at the high school level has
been an area of interest to researchers over the years (2015). This study did not look at
alignment of the assessments but did focus on if students score as well on both or if their
scores are completely different.
Background of the Problem
Tests and assessments are used in learning throughout all stages of learning. They can
be in the form of summative or formative assessments given by the teacher, the school, or by
state mandates. The state of Ohio mandates that all public high schools must have Algebra I
students take the Algebra I end of course assessment and all juniors take the ACT during the
spring (Ohio's State Tests in English Language Arts, Mathematics, Science and Social Studies).
On the Algebra I assessment, students earn a score ranging from 618 to 814 where a
higher score is better (Understanding Ohio’s State Tests Score Reports). This assessment is used
as one of the ways for a student to graduate high school; however, in order to do so the
student must score a specific score. Over the last few years, this minimum score has changed
and has not been released for the 2020-2021 school year as of January 2021. If a student does
not receive the score needed for graduation, they may take the assessment again, as many
3

times as needed to achieve the score, or use one of the alternate pathways to graduate if the
student cannot obtain the score. The first time a student takes this test is during the spring of
the year they are enrolled in an Algebra I class. It would be assumed that Algebra I teachers
help prepare their students throughout the year as best as possible for this assessment by
doing at least one of the following: teaching as many of the Algebra I standards before the
assessment, providing practice tests, providing practice problems, or helping students that are
lower achieving in the classroom. It is also likely to believe that most students will try their best
on this assessment since it is required for graduation.
The ACT assessment allows students to score from 1 to 36 where 36 is the best score.
The ACT consists of four subsections: math, reading, science, and English. For each subsection,
a student earns a score from 1 to 36, then the average of these scores is calculated to
determine the composite ACT score. All scores are given as a whole number, so any decimals
are rounded up (.50 to .99) or down (.01 to .49) (Understanding Your Scores - The ACT Test).
The ACT is not a required test to graduate but is mandated by the state of Ohio for all juniors to
take in public school. Some colleges require students to take the ACT with no specific score to
be accepted, some require a specific minimum score in order to be accepted, and some do not
require the ACT at all. There are many college scholarships that have an ACT score requirement
in order to apply. Therefore, it is reasonable to assume that students planning to attend college
will try their best on this assessment. However, students that do not plan to attend college may
not care what score they get because it does not affect their high school or post high school
plans.
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There are differences in the Ohio state assessments and the ACT. The state assessments
are created using standards from the state of Ohio which are the standards that teachers are
required to use when creating their curriculum. Therefore, when a student takes the Algebra I
assessment, the questions were created by the standards the teacher should have been using
and therefore the student has likely been taught a method to answer the questions. The ACT is
a national test and there is no national set of standards. Therefore, the ACT is not created from
standards of any one specific math class and could have questions that are not taught in any
math class in the state of Ohio. This means it is possible that there are questions on the math
section of the ACT that a student has never been taught and therefore they would not know
how to answer it. Since the Algebra I assessment is created using state standards and is given
while a student is taking an Algebra I class, this test is measuring what a student learned
specifically in their Algebra I class. However, the ACT is intended as a college readiness
assessment and does not measure one specific class, but instead if a student is ready for
college. Not all students in high school plan to attend college so they do not need to know if
they are “ready” for college. Another difference is that the Algebra I assessment is given on a
computer, but the ACT is given on paper. For some students, this difference could change how
they do on one or the other assessment. Some students are more comfortable doing tests on
paper while others are more comfortable doing tests on the computer. Also, with math tests
specifically, if a test is on the computer, more students will attempt problems without doing
any work on paper, but if the test is on paper, they will be more likely to work out the problem.
The differences in these assessments could explain why some students do better on one
compared to another.
5

Statement of the Problem
Historically, research has been done on state assessments versus ACT scores to
determine if the state assessment can predict the math ACT subscore. There has also been
research on how student demographics affect the ACT, but these studies do not include the
effect of state assessments. Therefore, there is a lack of research on how state assessments and
certain student demographics can together help predict ACT scores. All students in public
schools in Ohio must take the Algebra I state assessment while enrolled in an Algebra I class;
this assessment is part of what determines if a student will graduate or not. Most students will
take the ACT at some point during their time in high school and currently all public schools must
have juniors take the ACT during the spring. Previously, students had not been required to take
the ACT by any high school but would instead only take it if they needed to in order to get into
college or to get a certain scholarship. Now that juniors are required to take the ACT, there
could be even more interest in knowing how these two tests are related and if one can predict
the score of the other.
The purpose of this research was to explore the relationship between the Ohio Algebra I
assessment and the ACT. The goal was to determine if there is a predictive relationship
between the Algebra test and the ACT composite and/or the ACT math subscore. Along with a
possible relationship between the two assessments, this research also investigated student
characteristics and demographics to determine traits that made the Algebra assessment more
predictive of the ACT. Characteristics that were tested are race and ethnicity, socio-economic
status (by free lunch, reduced lunch, or neither), the math class a student was enrolled in when
they took the ACT, educational aspirations following high school, and if a student is considered
6

exceptional in any way (gifted, on an IEP, has a 504 plan, or none). Looking into the relationship
of the two assessments as well as student characteristics could help educators in their future
preparations for these assessments.
Purpose of the Study
The study was conducted because of how many high schools in Ohio have students take
both the Algebra I state assessment and the ACT before graduating. The researcher believed
that looking into the relationship of the tests and the characteristics of students could be an
important finding for schools, especially teachers that teach a tested subject and
administrators. The goal of the study was to identify any type of relationship between the
Algebra I assessment and the ACT, composite and/or the math subscore.
Multiple variables were used in the study. The independent variable was the Ohio state
Algebra I assessment scores that students earned. The dependent variable was the ACT
composite score and the ACT math subscore, to be tested separately, that a student earned on
their first attempt of the ACT. There were multiple covariates that were tested, these were the
student characteristics. These covariates included socio-economic status, race and ethnicity,
the math class the student was enrolled in when they took the ACT, the educational aspirations
of each student, and if a student is categorized as exceptional.
Each variable that was tested was chosen with a purpose. The Algebra I assessment
scores were used because every high school student enrolled in an Algebra I class in a public
school must take this assessment. Since Algebra I is a required course in order to graduate,
every student will take this assessment prior to graduating if they are enrolled in a public school
in Ohio. The ACT scores were used because every public school in Ohio requires all of its juniors
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to take the ACT during the spring; therefore, every student enrolled in a public school in Ohio
will also take the ACT before graduating. Every student will have taken the Algebra I
assessment, unless they have an exemption, which is rare, and every student will have taken
the ACT during the spring of their junior year, unless they have an exemption which is also rare,
or if they were absent the day the test was administered. Given that almost every student in a
public school in Ohio has taken both assessments by the end of their junior year, all students
will have data for these assessments before they graduate. The demographics and
characteristics of students were being tested as covariates because they have not been
included in a previous study that compared state assessments and the ACT, and it is believed
that some of these may help show a relationship between the assessments. Another reason for
using these covariates is because the researcher believes some or all of them could be a
significant predictor(s) of ACT scores.
The research was designed to be descriptive and predictive, and to test hypotheses. The
population that was studied were students from Piqua City Schools in Piqua, Ohio. There were
125 students that were included in the data, all of the students are of the 2021 graduation
class. Not all students of this class were used in the study. First, all students that had taken the
Algebra I assessment and ACT were identified, then 125 were chosen at random to be included.
Not all students in the data took the ACT simultaneously, the range of the test dates were from
February 2020 through December 2020. The participants are of different genders, race and
ethnicity, socio-economic status, academic ability levels, they were enrolled in different math
classes while taking the ACT and have different educational aspirations for post graduation. It
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was the intent of the researcher to have heterogeneous participants; the study would show the
best results if the participants were as contrasting as possible.
Significance of the Study
This study is important for all public schools in Ohio since so many of their students will
take the Algebra I assessment and ACT. Knowing a relationship between the two assessments
as well as student demographics can help students, educators, administrators, parents, and
more to learn, practice, study, test better, prepare, and make changes to these assessments or
requirements of these assessments.
There have been previous studies that investigated similar ideas. One study done by
Atkinson and others that investigated certain student demographics on assessments, such as
low-income and minority students (Atkinson et al., 2009). This study did not look at the Algebra
I assessment but did focus on the ACT. The results of this study showed that many deserving
low-income and minority students were edged out in competition which raised questions
regarding fairness and equity (Atkinson et al., 2009). A second study conducted by Megan
Meyer was completed to determine whether a prediction model could be found between
Algebra I End of Course scores and ACT Math subscores (2014). This study did not investigate
student demographics or characteristics for this prediction model, but instead focused on the
two assessment scores. These two previous studies are what inspired the researcher to conduct
this study. The two previous studies lacked aspects that this researcher believed to be
important. Although knowing if the Algebra I assessment could predict the ACT math subscore
is important, adding into student demographics and characteristics could improve it more.
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Educators tend to do what they can to best help students. If students and educators
know how the Algebra I assessment and ACT are related and know what student demographics
and characteristics most affect this relationship, then it can benefit the students. Students can
use this information to potentially make decisions on when it is best to take the ACT during high
school. Teachers can use the information to determine the best topics to teach and which
topics to practice multiple times. Having information about student demographics could
determine how certain groups of students are taught and retaught. Any information that can be
learned about these assessments could only potentially help students and educators make
better or different decisions regarding the ACT and how to prepare for it. This information
could help students decide when to take the ACT based on the math class they are enrolled in
or classes they have completed, and it could help educators identify types of students that may
need more intervention between the Algebra I assessment and ACT.
Primary Research Questions and Hypotheses
The following research questions are intended to be answered throughout this study.
1.

Are Ohio state Algebra I test scores predictive of ACT composite scores?

2.

Are Ohio state Algebra I test scores predictive of ACT math subscores?

3.

Are Ohio state Algebra I test scores and student demographics or characteristics predictive
of ACT scores?

4. Does mean ACT differ significantly across math class when controlling for Algebra I
assessment?
The researcher has hypothesized on the following research questions of the study.
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1.

The Ohio state Algebra I assessment is not predictive of the composite ACT score; there is
not a statistically significant p-value.

2.

The Ohio state Algebra I assessment is predictive of the ACT math subscore; there is a
statistically significant p-value.

3.

Socio-economic status, race and ethnicity, and the math class a student was enrolled in
when taking the ACT are likely to help predict the math ACT score from the Ohio state
Algebra I assessment score. There will be a statically significant p-value for at least one of
these categories.

4.

The more math classes a student has taken and the higher level of math class a student is
currently in will increase the ACT score. There will be a statistically significant p-value for
higher level math students.

Research Design
The study has been completed using only students in the Piqua City School district in
Piqua, Ohio. All students that are involved are in the graduating class of 2021 and have all taken
both the Algebra I state assessment and the ACT.
For this study, all the data was collected and compiled by the curriculum director at
Piqua City Schools and was given to the researcher while leaving the students anonymous.
There were no interactions with any of the participants and there were no surveys or
observations done on the participants. The data was organized into a spreadsheet which was
then used to test the research questions. Piqua City Schools collects this data every year, so the
data was readily available and simply needed to be compiled into one spreadsheet while
leaving the students anonymous.
11

Theoretical Framework
The ACT Theory has been developed by John R. Anderson to help explain retention and
recall of information and how memories are formed and remembered (1-30). The probability of
an encoding being turned into a long-term memory does not vary with intention or motivation
to learn the duration of residence in the working memory; “this is consistent with research that
fails to find much effect of study time when the information is not being actively processed
during study” (Anderson, J.R. 2). However, probability of recall, or retention of information, is
found to increase with repetition. Therefore, one might assume that if a student learns a topic
then uses that topic in future lessons, then the first topic is more likely to be retained. For
example, Algebra I students learn how to factor trinomials. If this topic is practiced again when
solving quadratic equations, the student would be more likely to recall how to factor trinomials
when they take the Algebra I state test and possibly even when they take the ACT test.
There is also an impact on recall with additional learning opportunities once a trace, or
encoding, has been established. Every time a trace has been reused, the strength of recall has
been increased (Anderson, J.R. 2-3). The ACT theory states that overlearning will increase the
prediction of retention and speed of retrieval (Anderson, J.R., 2-3). Once formed, traces or
encodings are not lost but can decay over time. Therefore, one might assume that if a topic is
reused in future classes, retention and recall probability would improve. The first time a trace is
created is when it is first learned, then recall and retention of this trace improves as the trace is
reused or recalled again. Recall and retention of this trace would continue to improve every
time the trace is used again. Since a lot of math builds on itself, one thing is learned and then
used again to help learn future math skills, recall and retention is very important. There would
12

be multiple topics and ideas that are learned in one math class that would then be used again
for a new topic or idea in a different math class. For example, as stated before, Algebra I
students learn how to factor trinomials. If Algebra II students also practice factoring trinomials,
then once again it would be more likely that these students would be able to recall this
information when they take the ACT. Based on the ACT theory for recall and retention, a
student would establish a trace, or encoding, during their time in their Algebra I classroom
instruction. This trace would be improved throughout the year by possibly recalling it in future
lessons, or by recalling it on the Algebra I state assessment. This trace would continue to
improve in future math class instructions that use that trace with other topics. The retention of
this trace would continue to improve during every classroom instruction that uses it. That
would allow the retention and recall of the trace on the ACT to improve and be more likely that
a student could answer any questions that use that trace. Therefore, topics that are relearned
or reused for new topics would create traces that would have improved retention as opposed
to topics, or traces, that were not reused or relearned in new topics. As traces are created
throughout out Algebra I, using them on the state assessment and again in other math classes
will help improve the retention and recall of the trace on the ACT.
Assumptions, Limitations, and Scope
Just like all studies, there are some assumptions that were made and some limitations
for the study. Since the data was collected and organized, an assumption was that all data for
each participant will be included, and any missing data will mean a participant will be
eliminated from the study. It is also assumed that all information provided is accurate. Most of
the data was collected by Piqua City Schools such as test scores, socio-economic status, the
13

math class a student was in when they took the ACT, and if a student is classified as
exceptional; this data should be accurate. However, the educational aspirations were given by
each student, and it is assumed that no student intentionally gave a wrong answer. These
assumptions helped make this study better to conduct and conclude results.
There were also limitations to the study as data was collected, tests were completed,
and results were concluded. This study was conducted using only one graduating class and
using participants from only one school district. Therefore, any results from this study may or
may not be the same for other graduating classes or for other school districts. One could
assume that similar results would be likely but could have some variations. Data was only used
for one graduating class at one school district because it was the data that was available to the
researcher. Another potential issue to the study was that it was conducted during the 20202021 school year which was during the COVID-19 pandemic. Several students across the
country were learning virtually for some part of Spring 2020 through Spring 2021 which could
have affected their learning, ability to take the ACT, or their score on the ACT. Due to COVID-19
during this one-year period, there were drastic changes that occurred in the country and at
each school district. Because Ohio schools shut down from March 2020 until June 2020, there
were several students that would have taken the ACT during that time but were not able to.
This limits the number of participants that could be included in this study and as previously
stated, could have affected a student’s ACT score which could change the results of the study.
These limitations were taken into consideration while the study was conducted.
This study covered Piqua City School students that have taken the Algebra I state test
and ACT in order to attempt to identify any relationship between the two. As stated, as a
14

limitation, these results may not be an accurate representation of all schools in Ohio since the
study was completed with data only from one school. Piqua is a city school and therefore it is
possible that a rural or suburban school may be different. Piqua is also in the western side of
the state and schools in a different location may also be different. Even schools with the same
specifications as Piqua may be different because all students are different as well as educators.
It is the attempt of the study to find a result for Piqua City Schools so other schools can use
these results but understand that specific results will vary.
Definitions of Terms
•

A 504 plan is a plan developed for a student with a disability, which is classified by yes if
a student had one when they took the state assessment and ACT or no if they did not
have one when they took both.

•

ACT is an acronym for American College Testing Assessment which is a national
standardized college readiness test.

•

Anglo/White is a classification of race or ethnicity for a student with origins from any
European country.

•

Asian American/Pacific Islander is a classification of race or ethnicity for a student with
origins from any Asian or Pacific Island country.

•

Black/African American is a classification of race or ethnicity for a student with origins
from any African country.

•

Composite ACT is the average of the four test scores on the ACT test rounded to the
nearest whole number; the four tests are math, science, English, and reading. Each test
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score is a whole number that can range from 1 to 36, where 36 is the best score, and the
composite score ranges from 1 to 36 as well.
•

Educational aspiration is the plan for a student after graduating high school when they
took the ACT. This plan may not be what they end up doing but was their goal at the
time. The aspirations in this study were to attend a vocational technical school, obtain a
two-year degree, obtain a bachelor’s degree, obtain a bachelor’s degree and at least
some graduate study, obtain a professional level degree, unsure, or other.

•

Enrolled math class is the math class that a student was taking when they took the ACT.
At Piqua High School, students can take high school level classes, advanced placement
classes, or college credit classes. At least one student in the study was enrolled in each
of the following high school math classes: Geometry, Algebra II, Advanced Algebra II,
Math RTI Support 3, Math lab, Finance and Banking, or Pre-calculus. At least one
student in the study was enrolled in the following advanced placement math class: AP
Calculus AB. At least one student in the study was enrolled in each of the following
college credit plus math classes: Edison State College Math 125S (General Statistics),
Edison State College Math 119S (Business Math), or Wright State University Math 1280
(College Algebra).

•

Exceptional students are students that are classified as exceptional by the school, in this
study a student can be classified as gifted, on an IEP, on a 504 plan, or none.

•

Free or reduced lunch is for a student of a low-income family. Students are eligible for
free lunches if they live in a household with a combined income below 130 percent of
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the poverty level. A student is eligible for reduced lunches if they live in a household
with a combined income between 130 and 185 percent of the poverty line.
•

Hispanic/Latino is a classification of race or ethnicity for a student with origins from any
Hispanic or Latin country.

•

IEP is an acronym for Individual Education plan, which is classified by yes if a student
was on one when they took the state assessment and ACT or no if they were not on one
when they took both.

•

Math subscore is the score a student received on the math section of the ACT. This score
is a whole number between 1 and 36 with 36 being the best score.

•

Multiracial is a classification of race or ethnicity for a student with two or more races.

•

Ohio state assessment or OST is Ohio’s end of course examination or Ohio’s state
testing. In this study, the focus will be on the Algebra I assessment which is given
towards the end of the school year to any student that is enrolled in an Algebra I class in
a public school in Ohio. Student scores can range from 618 to 814 where 618 to 681 is
considered limited, 682 to 699 is considered basic, 700 to 725 is considered proficient,
725 to 753 is considered accelerated, and 754 to 814 is considered advanced.

•

Race/ethnicity is a classification variable used in studies to group participants by using
physical traits. This study includes African Americans, Asian Americans, Hispanic or
Latino Americans, Anglo and Whites, and Multiracial.

•

Socio-economic status or SES in this study will focus on a family’s household income and
will be considered low if a student qualified for free lunches, moderately low if a student
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qualified for reduced lunches, and average if a student did not qualify for either free or
reduced lunches.
Summary
Throughout chapter one, the problem that is to be investigated was introduced. The
purpose of the study, its significance, the primary research questions, and the hypotheses were
discussed. The research design, theoretical framework, assumptions, limitations, and scope
were addressed. Key terms to be used throughout the research were defined. In the following
chapters, a literature review will be completed, the methodology of the study will be discussed,
the research will be conducted, data will be analyzed and interpreted, and the study will be
concluded.
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CHAPTER II: Literature Review
Introduction
Standardized tests are a key part of any education. They have been around for
centuries, and each assessment has a different goal. Standardized tests measure some part of
student learning either before, during, or after the learning has taken place. The results may be
used in many different ways, including but not limited to, identify struggling learners, group
learners by ability, determine learners that are ready for a specific task, or to determine if a
learner has mastered the topics at hand.
This chapter will review several aspects about standardized tests and student
demographics. The history of standardized tests in America is important because they have
developed over time since being introduced. This chapter will then review how standardized
tests affect teachers and their methods of teaching in the classroom. The differences between
the ACT and Ohio Algebra I assessment as well as how the differences in any pair of
standardized tests can affect student achievement will be examined. How students create
memories of topics, retain the information, and recall the information will be discussed due to
the fact that students must have memory, retention, and recall abilities in order to do better on
assessments. Finally, previous studies dealing with state assessments, the ACT, and/or student
demographics and how any of them are connected will be addressed as well as gaps in previous
research that may be addressed with this study.
History of Standardized Tests in America
Although public education has been in the United States since 1635, written
standardized tests have not been around as long (Caryl). In the early 1800’s, students had
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annual testing that was done orally (Gershon). In 1845, Horace Mann, the man considered to be
the Father of Standardized Testing in the United States, visited Europe, and developed an idea
that written exams were superior to the oral exams that were the primary way to measure
attainment in American schools (National Education Association). Mann suggested his idea of
written standardized tests to the Boston Public Schools so children would show their
knowledge in schools through written tests (Gershon). He wrote, “When the oral method is
adopted, none but those personally present at the examination can have any accurate or
valuable idea of appearance of the school...Not so, however, when the examination is printed
questions and written answers,” (National Education Association). He continued with, “Instead
of being confined to committees and visitors, it is open to all; instead of perishing with the
fleeting breath that gave it life, it remains a permanent record. All who are, or who may
afterwards become interested in it, may see it,” (National Education Association). His idea being
that there would be records of the results of the students’ assessments for any future use.
With the help of Horace Mann, written exams began in the United States. Many of the
first used standardized tests in schools were not created to measure student ability, but instead
to measure student achievement (Gershon). These types of tests were used to identify students
that had the potential to continue on to great things so resources could be more focused on
them instead of on their lower achieving peers (Gershon). These assessments were also used to
help track students in order to set them on a career path that was more suitable for them
(Gershon). During the late 1800s, formal written tests were created and started to replace the
oral examinations that had been in use (National Education Association).
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The College Entrance Examination Board started in 1901 and tested nine subjects
(National Education Association). During the early 1900s, several high school tests, vocational
tests, assessments of athletic ability, and a variety of other miscellaneous tests were developed
to replace intelligence tests (National Education Association). Some intelligence tests, such as
the Army Alpha and Beta Tests which were developed during WWI to sort soldiers by their
mental abilities, grew during the early twentieth century; these tests became a model for
schools to use (Gershon).
By the mid 1900’s, standardized assessments began to modernize to be more similar to
the assessments in place today. The College Entrance Examination Board was renamed the
Scholastic Aptitude Test, or SAT, in 1926 (Gershon). The original SAT had 315 questions testing
vocabulary and basic math that was completed in 90 minutes. By 1930 the test split into the
two sections it still has today, verbal and mathematics (National Education Association). In
1929, the University of Iowa started the first major statewide testing program for high school
students and by 1930 multiple choice tests were widely used in schools. However, some people
criticized multiple choice tests as they thought the idea of multiple-choice tests led to
memorization and guessing instead of knowledge (National Education Association). In the
1960s, the Elementary and Secondary Education Act opened up new and increased uses of tests
to evaluate programs (National Education Association). Also, in the 1960’s, the federal
government began implementing achievement tests that were made to assess instructional
methods and schools. These tests put an interest in schools’ production of a skilled workforce
(Gershon).
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In the 21st century, students take several standardized tests before graduating high
school. Some of these might include the SAT, SAT II, PSAT which is taken as preparation for the
SAT, ACT, Advanced Placement examinations, as well as others (National Education
Association). In 2001, the No Child Left Behind Act (NCLB) was adopted which expanded statemandated standardized testing as a way of assessing school performance (National Education
Association). In 2015, Every Student Succeeds Act (ESSA) was passed. This act was put in place
to help reduce the number of standardized tests and separates testing and high-stakes decision
making (National Education Association). Standardized testing has come a long way since being
introduced in the United States and will likely continue to change based on educational and
governmental needs and requirements.
Not only has the structure of standardized tests changed over the years, so has the use
of assessments and results. Assessments have become more of an important role in United
States education since the 1950s and have continued to grow with acts such as NCLB and ESSA
(Linn). Assessments have been used for multiple different reasons including identifying students
that are ready for higher education, to identify gifted students, as a measure of the
effectiveness of Title I and other federal programs, for graduation requirements, and for
accountability purposes (Linn). Some assessments have been used to determine which
immigrants could enter the United States in the 20th century, who was able to serve in the
armed forces, those who need special education, and who should receive certain scholarships
to college (Amrein 32). Those that are in charge of creating or changing policies in place use
assessments for such reasons as they are inexpensive compared to making program changes,
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they can be externally mandated, they can be implemented rapidly, and they offer viable
results (Linn).
The ACT and Ohio Algebra I assessments are used differently and by different groups of
people. The ACT is a norm-referenced test which means it measures students’ results compared
to the norm of the group. The ACT is used by colleges predominantly to compare one student
against another rather than to test for curriculum mastery. (Atkinson and Geiser 8). This is
different from graduation assessments such as the Ohio Algebra I assessment which is used to
test for curriculum mastery; it is determining if a student mastered the standards to be learned
in Algebra I. Standardized tests were meant to help reinforce a rigorous academic curriculum
and to help better align teaching, learning, and assessments throughout high school and college
(Atkinson and Geiser 2).
As standardized testing has evolved and become more popular in education in America,
so too have the concerns of the testing. The NCLB Act made high-stakes tests more extensive
since it mandated annual testing of all students in third through eighth grade in both reading
and mathematics. The idea behind these tests was that they would improve student motivation
and raise student achievement in the classroom (Amrein 32). However, it has been proven
these tests reduce student motivation and instead increase the number of students that
dropout of school (Amrein 32). It has also been noticed that student achievement has not
increased on a variety of measures such as the National Assessment of Educational Progress
(Amrein 32).
Another concern that was addressed was the fact that students take multiple
standardized tests before graduating high school. To some students and teachers, it may seem
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as though there are too many more standardized tests that high school students must or should
take within their four years. Atkinson and Geister mention that it would be practical if students’
performance on end-of-course tests or tests that are required for graduation could also serve
as certifying both the students’ achievement in high school and their readiness for college
(Atkinson and Geiser 12). This idea would allow students to take state graduation required
assessments but would eliminate the need to take college readiness assessments, such as the
ACT. Students in Ohio would no longer be required to take the ACT if they can prove their
readiness for college through the seven required standardized state tests for graduation.
Standardized tests in America have changed and evolved over the last few centuries.
These changes have affected the format of many standardized tests; the tests students are
required to take, the government policies in place about them, and other aspects. These
changes have also caused concern for students, educators, parents, and others. It is unlikely
that standardized tests in education will ever be eliminated, but they are likely to continue their
evolution. The hope for all those involved would be that any changes will be beneficial for those
that take, or are judged by the tests.
How Standardized Tests Affect Teachers
Standardized tests that happen during the school year affect not only the students that
take them, but the teachers that are preparing the students. The Ohio Algebra I assessment is
taken in the spring during the year a student is enrolled in an Algebra I class. Therefore, the
teachers of those courses are affected by this assessment. Not only because they are being
critiqued on the performance of their students, but also because they will likely want their
students to succeed and meet the graduation requirements. Assessments are widely used in
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education because of how powerful they can be for shaping curriculum and instruction. This
can lead to changes in how teachers instruct their students, both for the good and the bad.
Firestone et al mentions there is considerable evidence that testing can change teaching
patterns (96). In high-stakes accountability systems, teachers and administrators are more likely
to utilize all measures to increase student performance (Linn). One example of this might be
that teachers teach more narrowly to the test, or “teach to the test”. Teaching to the test is
when a teacher will change what is taught to resemble more closely what will be on the test,
the materials, as well as possibly the format of the questions. Teachers have sometimes
modified the curriculum or the depth of the lesson because of assessments and not necessarily
because it was more beneficial for the students’ learning and future use (Firestone et al 96).
This change may happen because the teachers and students are being judged by the results and
the teachers want the best possible outcome; therefore, they will change what and how they
teach their students to benefit test results instead of student learning. This method may force
students to miss out on other content that would be needed for future courses because it was
not on the assessment. For tests that are more resistant to this, teaching to the test could urge
teachers and administrators to instead embrace new curriculums and teaching methods much
more rapidly (Linn).
Another way assessments affect teachers is how the standards of a course change. “The
federal government has encouraged states to develop content and performance standards that
are demanding,” (Linn). These are the standards that teachers are presumed to use to create
their curriculum of a course. They are also the standards that are used for the end-of-course
assessments such as the Ohio state Algebra I assessment. Although typically the standards of a
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course would change the assessment, it would be possible for the assessment to change the
standards of a course. This change may not always be intentional but could instead be the
result of the curriculum changing based on teaching to the test.
Testing, and the outcome of the test is likely to be stressful on the students that must
take them. However, Mary Lee Smith states that teachers are stressed about test scores as well,
more so if the scores will become public information (9). Abrams et al agrees with this, stating
that teachers feel a great deal of pressure to get their students to perform well on the state
assessments (19). Therefore, in an Algebra I classroom, a teacher may feel more pressure to
teach their curriculum in a more traditional way and be less likely to try new ideas or try
enrichment activities that could go with the lessons because they want to focus on the content
that will be similar to the assessments. Teachers might feel the pressure of the limited amount
of time in a school year before the assessment and therefore not want to deviate from the
standards that are evaluated on the tests. Some of what the students may call “fun” activities
could get thrown out because there is not enough time to do them because the teachers must
teach what will be on the test instead. There is not always time to do extra enrichment
activities which could connect what is being learned in the classroom to real life use of the
topic. This could force students to dislike topics or all of mathematics because all they see is
learning the methods and materials but never being able to see how it is applied in real life
situations. This could also make students see the class as boring or too focused on testing
(Smith 10). Teachers may also limit the teaching of topics that are not likely to be on the
assessments even if it is a standard of the curriculum (Smith 10). These topics may not be
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covered in another class because they are not one of the standards for that curriculum;
therefore, a student may have a gap in their knowledge.
State test scores are often used as a means of measuring teacher performance as well
as student performance. However, many people in the education field do not feel that the test
scores are related to good or bad teaching (Smith 9). Just because a teacher has students that
receive high- or low-test scores, does not necessarily mean it is because of the teacher. It would
be possible that a student that does well on the assessment could be better at guessing, have
better test taking skills, or is a strong math student; these traits would not necessarily relate to
how the student was taught in the classroom or what the teacher did or did not do throughout
the year. This type of student would be likely to score just as well no matter the teacher.
Instead of believing that these assessment scores are related to good or bad teachers, some
educators believe the results reflect the socioeconomic standing of the students or of their
natural intellectual abilities (Smith 9).
Findings from multiple studies suggest that high-stakes state-mandated testing
programs could lead to instruction that contradicts teachers’ views of sound educational
practice. More specifically, teachers often state that the pressure to raise test scores
encourages them to highlight instructional and assessment strategies that mirror the content
and format of the state tests, and to spend large amounts of instructional time to test
preparation activities (Abrams et al 18). Teachers have a set of standards that are to be taught
in their curriculum and teachers of a tested subject, such as Algebra I, tend to make sure they
teach as many topics as possible that will be on the assessment. Because of this, teachers spend
so much time on specific topics and materials that could be on the tests, it results in more
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topics being taught to the students but with less depth in those topics (Smith 10). This also
reduces the teachers’ ability to adapt, create, or diverge from these materials (Smith 10).
Teaching to the test has advantages and disadvantages. Students will be more likely to
test better, but instruction of specific topics may be lost or not taught with as much depth.
Smith also stated, “the double-edged danger for teachers, however, is that too much teaching
to the test can result in scores that are high enough to draw suspicions of cheating,” (9). For
assessments that judge teachers as well as students, the better all the students do, the better
the teacher is judged; higher scores means a better teacher. However, if this theory is always
true, then if the teacher does what he or she is expected to do and teaches their students
extremely well and all their students score well, the teacher could possibly be investigated for
cheating. Similarly, if a teacher “teaches to the test” and helps prepare students more
specifically for that assessment, the students are likely to do better which could also lead to
investigations for cheating. So, one might ask, how much should a teacher teach to the test in
order to not raise suspicions of cheating?
Studies have been conducted that have observed or surveyed teachers about how
standardized tests affect them and their classrooms. One such study was completed by
Firestone et al. This study was completed with some teachers in Maryland and Maine and
looked into the effects of testing and how it changes teachers’ instructional practices and
habits. In their study, Firestone et al mentioned that teachers will change what and how they
teach in order to help students prepare for these assessments (96). This is especially true for
assessments that judge schools, teachers, and students (Firestone et al 96). Some of the
changes that teachers in Maine or Maryland put into effect were teaching general test-taking
28

skills such as how to fill in answer sheets, teaching using materials similar to what will be on the
assessments, and teaching content known to be covered on the assessments, perhaps even at
the expense of content not covered on the tests (Firestone et al 96). Therefore, it is possible
that if a teacher knows certain standards will not be on the tests or are less likely to be on the
tests, they will not teach it even if it is a standard that is supposed to be taught in that
curriculum.
During their study, Firestone et al asked teachers what specific changes they made in
response to the tests. One school in Maryland stated they made a collective decision as a
mathematics department to stress specific curriculum areas on the test in their teaching (103).
These areas included topics such as number relationships, measurement, and mathematical
connections (Firestone et al 103). Other changes that were made to their teaching were
strategies such as presenting specific vocabulary that may be used on the assessments,
decorating their classrooms with posters on how to format a graph, or teaching how to make a
stem-and-leaf chart because these issues arose on the tests (Firestone et al 103). Maryland
teachers in this study also said, as one teacher put it, “[t]he math in-service days are usually
about the MSPAP and how to improve the test scores,” (Firestone et al 109). MSPAP stands for
Maryland School Performance Assessment Program which are tests that are implemented in
the state of Maryland. This quote from a teacher implies that not only is the instruction that a
teacher does changed by these assessments, but also the training that a teacher gets from their
school district is influenced by them. Because the district also wants the students to do well on
these assessments, they want to provide more tools and knowledge to their teachers to help
them help their students.
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Besides changing the topics that are taught in the classroom and how they are taught,
there are other ways teachers try to help prepare their students for these assessments. Many
common test preparation activities are used in the classroom to help prepare students. Some of
these testing programs or practices used by schools and teachers include, but are not limited
to, tutoring outside of class, practice tests or practice questions, giving test taking and strategy
tips, demonstrating how to mark the answer sheet correctly, teaching or reviewing topics that
would be on the test, and using test-preparation materials and tests from previous years for
practice (Abrams et al 20). These practices can be beneficial for students preparing for the
assessments, but they decrease the instruction time that is available for students because they
are spent taking practice tests, learning how to take the test, reviewing old topics, or doing
other practices instead of learning new material that could be on the test or in the standards
for the curriculum (Smith 10). Therefore, educators may question if it is better to continue
doing these practices in hopes of raising tests scores, or if they should skip the practice and
instead give more instruction on topics in the standards of the curriculum in hopes of raising
test scores.
Standardized tests affect what and how teachers instruct their students. They shape the
curriculum that is taught in the classroom. They potentially influence the in-teacher service
days and professional development that a district provides their teachers. These changes can
be beneficial or detrimental to student learning and achievement on the tests. Teachers will
tend to change what they believe is best in order to help their students as much as possible
without raising suspicions of cheating.
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Differences in Ohio Algebra I assessment and ACT
The differences between any two standardized tests could affect how a student does on
each one. The Algebra I assessment and ACT are not created by the same people, can be taken
online or on paper, do not have the same format of questions, and do not have the same
intended goal. These differences in the assessments could make a difference in how a student
performs on them which could make the correlation between these assessments better or
worse.
One difference between these two assessments is how they were created. The ACT has
content that was based on national curriculum surveys and analysis of state standards
(Atkinson and Geiser 8). Tests that are used for admissions into college, like the ACT, may be
intended to measure achievement or ability but they are not directly linked to a particular
instructional curriculum. The ACT math section contains questions from multiple different math
courses (Atkinson and Geiser 9). This is not the case for the Algebra I assessment which
contains questions solely from the Algebra I course.
There has been a push in schools to implore a standards-based curriculum, where the
content of a course is created from a set of standards. (Le and Robyn 4). This is true for classes
such as Algebra I where these standards create the assessment; however, this does not apply to
the ACT since it covers multiple different courses. Le and Robyn wrote that it is of high priority
for standards-based courses that the degree in which the standards and assessments used to
measure the progress of students, and teachers, towards the standards are consistent with one
another (Le and Robyn 4). If standards and assessments of courses are not highly aligned with
each other or if they encourage focus on low-level skills instead of middle and high-level skills,
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this may create mixed messages and confusion for students, teachers, and others involved in
promoting student learning and creating course content (Le and Robyn 4). Thus, for courses
such as Algebra I, the standards build the content of the class as well as the content of the
assessments. This cannot happen for the ACT since its content comes from multiple courses.
The Ohio state assessments and ACT assessment are created and controlled by different
groups and have different standards from which the questions are created. The Ohio state
assessments are created and controlled by the Ohio Department of Education while the ACT is
run by the American College Testing non-profit organization (Ohio’s State Tests in English
Language Arts, Mathematics, Science and Social Studies; The ACT - Solutions for College and
Career Readiness). The ACT standards are created empirically of the skills and knowledge
deemed essential for college and career readiness (About the ACT Test). The ACT is not aligned
to any set of content standards but is instead created through empirical research in order to
guarantee that the ACT College and Career Readiness Standards account for adequate and upto-date preparation for postsecondary education and the workforce (Clough and Montgomery
3). The surveys that are conducted every three to four years identify what skills and knowledge
is expected of entering students; that is, what skills and knowledge students need in order to be
ready for entry-level courses and workforce training (Clough and Montgomery 3). The ACT then
compares these findings with what is actually being taught in the classrooms in order to guide
the blueprints for the assessment (Clough and Montgomery 3).
The Ohio Algebra I assessment is controlled by the Ohio Department of Education and
questions on the assessment are based on Ohio’s learning standards (Ohio's State Tests in
English Language Arts, Mathematics, Science and Social Studies). Therefore, the Algebra I
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assessment questions come directly from a set of standards created and used by the state of
Ohio. These are the standards that educators are using to create their curriculum for the
course. The ACT questions are not created from Ohio’s set of standards, but instead from the
national surveys. Because of the empirical research that is done by the ACT, it is likely that
students in Ohio have learned all the questions that are on the assessment; however, this is not
necessarily true since the ACT got its research from all states and not just Ohio. One could
assume that students may do better on the Algebra I assessment since the questions on that
test came from the standards taught in the course while the ACT could have questions that a
student never learned in Ohio.
Another difference about these assessments that could affect how students perform, is
the formatting. Since these assessments are controlled by different organizations and have
different purposes, it is no surprise that they have different formatting of the questions and
assessment. The ACT is composed of four sections, English, mathematics, reading, and science,
which are composed of solely multiple-choice questions and has one optional section of writing
which is composed of an essay (Preparing for the ACT Test 3). The English section has 75
questions and students are given 45 minutes, the mathematics section has 60 questions to be
completed in 60 minutes, the reading and science sections have 40 questions each to be done
in 35 minutes separately, and if the writing portion is completed it has one essay which is to be
completed within 40 minutes (Preparing for the ACT Test 3). The Ohio Algebra I assessment has
both multiple-choice questions and free response questions, the test is composed of Algebra I
content split into two 90-minute sections (Ohio's State Tests in English Language Arts,
Mathematics, Science and Social Studies).
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There have been studies conducted that have looked into the differences in types of test
questions and how it could affect results and scores. The ACT being all multiple choice but the
Algebra I test having both multiple choice and free response questions could affect the
outcomes of the same student on the different assessments. Le et al wrote, “the ACT requires
examinees to memorize formulas and identities, and includes numerous textbook like problems
that can be solved via simple application of procedural and declarative knowledge,” however
the state assessments include free response type questions that “were well-contextualized and
process-oriented,” (qtd. in Dickinson and Adelson 8). This implies that the ACT has more
questions that students would be able to make logical and educated guesses based on knowing
formulas or from the multiple choices given. The state assessments have similar questions, but
since they also have open-ended questions, these would be less likely for a student to be able
to guess and more likely the student would answer a question correctly only by knowing the
process to complete the problem.
There have been studies that show performance and scores on multiple choice
questions is significantly better than performance and scores on free response questions
(Schladitz et al 140). It would be possible for a student to do better on the ACT than on the
Algebra I assessment comparatively since the ACT has only multiple choice but the Algebra I
assessment has both multiple choice and open-ended questions. There are different cognitive
demands for multiple choice compared to free response questions. Schladitz et al wrote,
“[t]hese different demands may correspond with different underlying cognitive processes that
occur during item processing,” (139). This refers to the fact that on multiple choice questions, it
is possible for a student to get the question correct by guessing even if they do not know how
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to get the correct answer mathematically. On non-multiple-choice questions, the chances of
getting the answer correct accidentally or by guessing is much lower. Having options available
to pick from can help a student as well; “multiple choice items with their presenting response
options allow the test taker to simply recognize the correct response even if they would not
have been able to freely produce it without the prompt,” (Schladitz et al 139). With multiple
choice items, students have the ability to recognize the correct answer but if the same question
was not multiple choice, they might not have been able to come up with the correct answer on
their own. This could skew the results of the ACT assessment because students have a twentyfive percent chance of getting every question right even if they guess on all of them; however,
with the Algebra I test that is only the case for the questions that are multiple-choice. The
Algebra I assessment does not allow for as much guessing.
Both assessments have a paper and a computer version that students may take (Ohio's
State Tests in English Language Arts, Mathematics, Science and Social Studies, Preparing for the
ACT Test 3). However, students will not necessarily take the same version of the different tests.
A student could take the Algebra I assessment on the computer but the ACT on paper, or vice
versa. If a student takes either test more than once, it is also possible that each time they take
it in a different format. There have been several studies and research completed on how the
difference in paper versus computer-based assessments could affect student performance and
scores.
Student performance differences could be attributed to the variation in the method of
test administration, paper versus online. Performance on particular items is increased when
given on a computer instead of paper, or vice versa (Threlfall et al 346). The study completed by
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Threlfall et al. noticed that on individual questions, a number of questions showed significantly
larger differences in ability, sometimes with more students answering the computer question
correctly and sometimes with the students answering the paper question correctly (340). Their
research showed that this could be in part to the fact that some questions are easier to answer
on the computer while others are easier to answer on paper (Threlfall et al 340). Another
difference in paper and computer formats that Threlfall et al noted was the possibility of the
computer being more appealing or paper being more familiar to students (341). For example, if
students are accustomed to completing assessments on paper for their math class, then the
assessment being on paper may be more comfortable to them and make paper assessment
advantageous and increase their score. However, because computers are becoming more
popular to use in the classroom and in everyday use, it may be more likeable and comfortable
for a student to complete an assessment on the computer and that could increase their score.
There can also be advantages to either paper or computer tests based on the question.
A paper test may make drawing or jotting down notes or other helpful things for the question
more likely while this is absent for computer formatted assessments (Threlfall et al 364).
Students get scratch paper for online assessments but having the test questions on paper could
make a student more likely to write things down because they are already writing down their
answers while on the computer they are clicking or typing their answers so they may not always
think to write things down (Threlfall et al 364). This could result in the paper question being
answered successfully while if the question were given on the computer it could result in the
question being answered incorrectly.
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Some questions are easier for students to answer on the computer while others are
easier for students to answer on paper depending on what is being asked (Threlfall et al 341). If
a student has to identify which equation best fits a set of data on a scatter plot, this could
potentially be easier to do on paper because the student can draw different lines on the graph
while on the computer the student would have to imagine where the line could go. Any
question where drawing could help answer the question could be more likely to be answered
successfully on paper since the student could draw on the question. However, if a student must
identify which graph matches a given equation, this may be easier to complete on the
computer because it may point the student in the direction of using a graphing calculator to
answer the question. Even though students can use a calculator on the paper version, they may
not think to use it on this question and may instead try to graph it by hand on the paper which
could lead to human error where the calculator would not make the mistake. Threlfall et al
pointed out that most of these differences in types of questions that were more successfully
answered in one format over the other depended on the student (364). Not all students will
answer a question correctly on paper but incorrectly on the computer; some will answer it
correctly on both and some will answer it incorrectly on both. The differences in a paper and
computer test and how a student does on each version will depend on the individual; some
students will have better results on paper while others will have better results online (Threlfall
et al 346).
Another difference in the assessments is how they are used. The goal of many state
tests are to take a range of topics and to cover material learned across grades so that state
educators, policymakers, parents, and citizens can form a better understanding of how the
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students and schools are performing, and whether or not they are improving (Le and Robyn 1).
According to the Ohio Department of education:
State achievement tests tell us how well our students are growing in the knowledge and
skills outlined in Ohio’s Learning Standards. These tests help guide and strengthen
future teaching so we can be sure that we are preparing our students for long-term
success in school, college, careers, and life. Test Results also allow citizens to know how
their local schools are performing compared to others around the state. (Ohio's State
Tests in English Language Arts, Mathematics, Science and Social Studies)
State tests are used to identify what a student learned in a specific course, change teaching and
curriculum to help prepare students for their futures, and allow the public to see how their
school is doing.
Atkinson and Geiser stated that admissions tests, such as the ACT, are not appropriate
for detecting changes in middle or high school performances since these tests are not
connected to a specific curriculum or course (9). The ACT gives clear meaning to test scores and
serves as a link between what students have learned and what they are ready to learn next
(About the ACT Test). According to the ACT organization, the results of a student’s ACT scores
can help educators guide students toward college and career readiness, assist students with
college and career planning, evaluate the effectiveness of instruction, and plan changes and
improvements in curriculum (About the ACT Test). The goal of the ACT is to provide schools
with the data to help students succeed after high school by determining career or college
readiness (About the ACT Test).
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The differences in how the ACT and Algebra I assessments are created, who controls
them, the formatting of the questions, if they are given on paper or online, and how the results
are used can play a role in how students perform. Each of these differences can affect individual
students in different ways, but the possible effect should be recognized.
Memory, Retention, and Recall of Student Learning
Students make memories of their learning similar to how people make memories of
anything else that has happened to them in their life. These memories that students make of
their learning can potentially help them in their future on assessments, in future courses, and in
their future careers. Once a topic or idea has been learned in class by a student, it does not
necessarily mean they will have the recall and retention the next time they need it; however,
research has been done that shows it could help.
Prior knowledge is anything that is learned in a previous class, previous topic within the
same class, or knowledge a student has from outside of a classroom. For example, prior
knowledge would be if a student learned how to solve one-step linear equations in eighth grade
and then needs to use that knowledge to help them solve two-step linear equations in the next
lesson in eighth grade; the knowledge of solving one-step equations is the prior knowledge.
Another example is since that student has learned how to solve one-step and two-step linear
equations in eighth grade, they can use that prior knowledge to help them solve a system of
linear equations using elimination during Algebra I. Having prior knowledge can be useful in a
mathematics classroom since many math topics build on one another.
Prior knowledge increases the process of attaining and recalling relevant information
(Chen et al). Thus, if a topic or idea is learned in a previous class or earlier within the same
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course a student is currently in, that knowledge could potentially help when the topic is
practiced again or if the topic is applied to a new topic. For example, if a student has learned
how to factor a quadratic trinomial during Algebra I then they are learning to solve quadratic
equations by factoring later in that class, it is possible that their prior knowledge of factoring
will help them. Similarly, if they learned to factor quadratic trinomials in Algebra I then in
Algebra II they are learning to factor trinomials with other exponents larger than two, the prior
knowledge from Algebra I could help them.
It is unclear if the effect of prior knowledge remains over time or for how long (Chen et
al). Therefore, learning a topic or idea in Algebra I may or may not help a student if that topic or
idea is reused in a different math course or is on the ACT taken over a year after the student
completed a course. General memory performance, information that does not use prior
knowledge, decreases over time (Chen et al). Yet, the enhanced memory due to having prior
knowledge on the perceptual features remained up to one week (Chen et al). Thus, having
previous knowledge from one topic or math class to another may not help when that
knowledge is needed again in a different topic or course that is happening over a week later,
but it is still possible that it could help.
There have been studies on how to improve recall to help retain information longer. A
study was completed that focused on the amount of spacing between practice and application
and how short-term retention differed from long-term retention (Lyle et al). The researchers
studied how retrieving information from memory changed the likelihood that the information
will be remembered for future use (Lyle et al). They also discussed techniques that could be
used in the classroom to help students' memory and their recall of information (Lyle et al). In
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their study, the researchers mentioned that students’ study habits are not always best for longterm retention but instead students have study strategies that tend to increase the ability to
perform a task or recall information in the short term (Lyle et al). Students study habits and
practices do not typically promote durable and long-lasting learning (Lyle et al). The study
habits that students tend to have for the short-term is why students seem to forget what they
are taught rather quickly instead of maintaining that information for the long-term (Lyle et al).
Students need to learn how to yield long-term recall as well as short term (Lyle et al). This is
something that can potentially be taught or helped by the teacher.
Math students would benefit from having the ability to recall information long-term
since many math topics build on other topics. Many topics that are learned in one math course
are then used again in a different course. Having this long-term recall could help those students
be more successful in their future classes. Similarly, it could help students on assessments such
as the Algebra I state assessment and the ACT. Being taught how to do something during the
course is not very useful during these assessments if the students do not have the recall of that
information during the tests.
Spaced retrieval was a subject that was researched by Lyle and others. Spaced retrieval
is the amount of time between learning and retrieval of the information. They defined spaced
retrieval by lengthening the amount of time between learning a topic and the assessment;
assessing students recall information over a long-term period instead of over a short-term
period (Lyle et al). In their study, they found that students retained information within a course
better by using spaced retrieval but also retained the information better from one course to
another (Lyle et al). In the study that was completed, some students were measured over a
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short-spaced retrieval in which they answered three questions over one quiz, and other
students were measured over a long-spaced retrieval in which they answered one question on
each of three separate quizzes within a four-week period (Lyle et al). To determine how
effective a student’s recall was on a particular item, the results were compared on a final
assessment (Lyle et al). It was found that students who completed the long-spaced retrieval did
better on the final assessment compared to their peers in the short-spaced retrieval (Lyle et al).
Therefore, topics that are assessed multiple times throughout the course or are assessed
farther away from when it was learned could make retention and recall easier over time. This
could help students on the Algebra I assessment, during future math classes, and on the ACT.
This strategy of teaching does not guarantee students would do better but could make it more
likely.
If the goal is to help students have long-term memories of what they have learned,
there are ways teachers can help them. “Retrieving information from memory increases the
likelihood that the information will be retained in the future and this increase is greater than
that produced by additional study of the information,” (Lyle et al). Thus, if teachers assess
students more on a specific topic, students would be required to retrieve the information more
and that could make it more likely that the students have long-term recall of the information.
Repeatedly using, practicing, and assessing a topic that needs to be recalled and retained for
future use could help students make long-term memories. Any topic that is learned in a course
that a teacher feels is valuable to have long-term retention should be used, practiced and/or
assessed more than just once after learning it. For example, if a teacher feels knowing how to
graph equations in slope-intercept form is valuable and students need long-term retention of
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this, the teacher should assess it after teaching the topic. Then, after some time has passed
within the course, students should reuse this topic again and questions involving graphing
slope-intercept form equations should be on future assessments.
How students create memories of their learning and if those memories are stored shortterm or long-term will affect their math classes and assessments. If students are able to retain
and recall information they learned, they will do better with future classes, the Algebra I
assessment, and the ACT. Since math topics build on each other, having long-term memories of
their learning will help students as they progress from Algebra I, to the Algebra I assessment, to
future math courses, then to the ACT.
Previous Studies on Standardized Tests and Demographics
Previous studies have been conducted on the correlation between state assessments
and ACT results. This has not seemed to be a major topic of research. Only one study was found
that connected math End-of-Course exams with math ACT scores to determine a relationship
(Meyer). It could be possible that this relationship between the two assessments has not been
as popular to research because it has only been over the last few years that the ACT has been
implemented in more schools. Now that more states are requiring students to take the ACT
before graduating and many states still have graduation requirements that involve certain
assessments, it is possible that this area of research could be more popular over the next few
years.
Megan Meyer completed a study in Missouri in 2014 to determine if there was a
prediction relationship between the End-of-Course Algebra I exam that students take in
Missouri and the math subscore of the ACT. The study was completed using one rural school
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district with 57 randomly selected high school students (Meyer 12). She stated that the ACT has
concepts from Algebra I, Geometry, Algebra II, and Trigonometry while the end-of-course exam
only has concepts from Algebra I (Meyer 3). This is the same for the Ohio state Algebra I
assessment that only has concepts from Algebra I. Because the Algebra I assessment in Missouri
only has concepts from one class taken over the course of a year, it would be possible to
assume students might do better on this assessment than on the ACT which has concepts from
multiple courses taken over multiple years. Therefore, it could be possible that a student would
do well on the Algebra I end-of-course exam but not as well on the ACT if they do not
remember the math concepts as well over a longer period of time.
A reason Meyer completed her study is because she believed having a predictive model
that connects the two test scores would allow students and teachers to focus on improving
specific math skills before taking the ACT (5). If the goal of a student is to score as high as
possible on the ACT, and the Algebra I assessment can help predict these scores, it could
hypothetically determine what concepts the student struggles with before taking the ACT. This
would allow for extra instruction and help from a teacher on these concepts before taking the
ACT. The results of this study found that the end-of-course Algebra I exam can predict math
ACT results (15). It was found that there was a strong significant predictive power with a slope
of 0.174 and a constant of -18.142 (Meyer 15). Based on Meyer’s findings, for every 1-point
increase on the end-of-course exam the ACT score would be likely to increase by 0.174 (15). Her
results had a model power of 59.9% and was accurate within 2.860 points at 1 standard
deviation (Meyer 15). Meyer noted that although a predictive relationship was found between
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the two assessments which could be useful to teachers and students, it could be beneficial to
complete another similar study with more than 57 students to make it more accurate (18).
There have also been previous studies that have used demographics in order to explain
differences in assessments. Student demographics and characteristics have been a major topic
of interest for standardized tests and will probably continue. Many researchers have used these
attributes to determine the validity of standardized tests and how these attributes play a role in
the results of the assessments. These studies can be useful to educators who can use this
knowledge to change their assessments in order to make them all inclusive.
Many studies have focused on gender, race and ethnicity, and socioeconomic status of
students. Amrein and Berliner stated that unmotivated students are usually identified as low
socio-economic status students in urban schools and are often African Americans and Latinos
(32). This lack of motivation would most likely affect the students’ learning which would then
most likely affect their test scores as well. Knowing this demographic of students is more likely
to be unmotivated could help educators as they prepare these students for assessments. When
looking at SAT and first year college grades, Atkinson and Gieser wrote, “but correlations of this
kind can be misleading, since they mask the contribution of socioeconomic and other factors to
the prediction,” (3). They found that SAT scores are linked to first year college grades, but since
there is missing information about demographics this research may not show the full truth of
the correlation (Atkinson and Gieser 3).
Socioeconomic status has been a major demographic that many studies use when
looking at students, especially with their achievement or with standardized tests. Research
completed by Higdem and others connected demographics with SAT scores to college first year
45

grade point average. They found in their study that socioeconomic status alone was not
statistically significant for achievement and first year grade point average in college (Higdem et
al 24). This means that socioeconomic status alone could not predict how a student would do
their first year of college. When gender was taken into consideration as well, socioeconomic
status across gender did not have an impact of first year grade point average (Higdem et al 24).
Similarly, with socioeconomic status across race, there was not a big impact of first year grade
point average with those two demographics (Higdem et al 24). Therefore, knowing a student
was male or female and knowing the socioeconomic status could not lead to an accurate
prediction of first year grade point average; nor could knowing a student’s race and
socioeconomic status. Higdem and others did note that in their data set, the Asian subgroup
consistently scored the highest on the SAT (26). It is possible that the findings of this study
could be different than when used with the ACT instead of the SAT. It is also possible that these
results could differ when comparing the Algebra I exam with ACT scores instead of comparing a
national test with first year college grade point average.
McNeish and others completed a study in which they researched how student
demographics contribute to explaining performance on the ACT. They found that taking higherlevel math courses was predicted to increase the ACT scores in every subsection as well as the
composite score (McNeish et al 21). Their findings showed that students that had taken just
Algebra I, Geometry, and Algebra II scored an average of 19.5 on the math section (McNeish et
al 21). This average increased with each additional math course a student took up to a student
that had taken Algebra I, Geometry, Algebra II, Trigonometry, Calculus, and other advanced
math which averaged a score of 22.9 on the math section of the ACT (McNeish et al 21). This
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may be just one of the reasons many students wait to take the ACT until their junior or senior
year of high school because by that time they have taken more math courses. It may be another
reason why some students take it at least once during their junior year as well as at least once
during their senior year.
The math classes a student has taken can affect the results of the ACT, but so can the
high school grade point average. McNeish et al found that high school grade point average
accounted for nearly 40% of the variance in ACT composite scores (2). This means that by
knowing the high school grade point average of a student would allow a better prediction of
the ACT composite score. Specific coursework taken in high school accounted for 9% of the
variability in the ACT composite scores above that explained by the grade point average
(McNeish et al 2). So, if the grade point average and classes a student has taken were known, it
would allow for a better prediction of the ACT composite score.
Similar to other findings, McNeish and others noted that average ACT scores
substantially differed among racial and ethnic groups, family income groups, and by parental
education level (2). Their study also found that characteristics of the high school played a role in
ACT scores of students (McNeish et al 23). Characteristics of the high school such as median
household income, percent of students on free or reduced lunch, the percent of students
planning to attend college, and the percent of racial minority students in the school impacted
the ACT scores of students in some way (McNeish et al 23). Noncognitive characteristics such as
students’ future educational aspirations, to obtain a bachelor’s degree or not, also affected the
ACT scores (McNeish et al 24). Students with higher family incomes, higher parental education
levels, gender of the student, and race influence scores (McNeish et al 24-25). This study
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showed that there are many student and school demographics and characteristics that could
affect how students do on the ACT and it is possible that these could also affect the results of
any standardized test in a similar manner.
Tienken and others completed a study in order to determine how state standardized
tests are affected by non-school factors. The researchers looked into student demographics as
well as demographics of the community of the schools. They expressed that socioeconomic
status has been a single variable predictor in previous studies before theirs, but arguments
have been made that it should not be the only variable used to predict assessment results
(Tienken et al 4). There is more to socioeconomic status and a student so other demographics
should be explored and used as well. Tienken et al found that students with more family human
capital often perform better on standardized tests of traditional academic achievement (5).
They defined human capital as the number of parents, household income, and other family
demographics (Tienken et al 5). The community also plays a role in human capital; the types of
professionals that live in the community, community groups that exist for adults, religious
groups, libraries, quality and affordable daycare, and other similar resources are also included
(Tienken et al 5). The more benefits a family and community have, the more human capital a
family is considered to have (Tienken et al 5).
Previous predictive studies have suggested that the percent of students in a school or
district who score proficient or above on state standardized tests in language arts and
mathematics at the district level can be predicted, with a good deal of accuracy, by using only
community and family-level demographic variables found in the United States census data
(Tienken et al 3). This is implying that without knowing academic information on a student, but
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instead knowing about the student’s family and community, it is possible to predict the results
of a standardized test for that student. Some of the important results found from this study are
that a percent of families in a community with income over $200,000 a year, percent of people
in a community in poverty, and the percent of people in a community with a bachelor’s degree
are three variables that can accurately predict results for 78% of the samples used in the study
(Tienken et al 10).
A gap in previous studies is how student demographics and state assessments can be
used to predict ACT outcomes. This gap is the goal of the current study. Since a previous study,
conducted by Megan Meyer, did find a predictive model between Algebra I assessment scores
and ACT math scores, this research will reexamine that as well as if there is a predictive model
between the Algebra I and ACT composite scores. Many previous studies have looked at
student demographics and assessments to determine any relationship between them and
which demographics help predict results. This study will focus on some of the more common
demographics used previously, such as socioeconomic status, race, and math classes taken, but
will also look into some less studied demographics such as future educational aspirations and if
a student is labeled as gifted in any capacity.
Summary
In this chapter, a review of current studies was conducted. The history of standardized
tests in America was examined. How standardized tests change teachers’ decisions in lessons
and methods of teaching were investigated. The differences in the ACT and Algebra I
standardized tests were linked with how those could affect student outcomes on the
assessments. The chapter then moved on to discuss how memory, retention, and recall are
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created and how they could change how a student does on the tests. Finally, some previous
studies that have been conducted involving state assessments, the ACT, and/or student
demographics and any gaps for future studies were addressed.
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CHAPTER III: METHODOLOGY
Introduction
This chapter will focus on the participants, how the study was created, and the data
process. The setting of the study will be discussed as well as the participants that were used.
The power and preferred sample size will be calculated. The data collection instrumentation
and procedure will be introduced. Finally, how the data was processed and analyzed will be
addressed.
Setting and Participants
This study was conducted using students at Piqua High School which is located in Piqua,
Ohio. Piqua is a city in the north central part of Miami county and has a population of
approximately 21,000. Piqua High School is part of the Piqua City School District and is the only
high school in the district. Piqua High School is classified as a city school since it is located
within a city.
The following information about Piqua High School and Piqua City School District is
based off of the 2020-2021 school year. There are 59 teachers at the high school, 40 general
education teachers, 10 special education teachers, 3 fine arts teachers, 2 music teachers, 1
physical education teacher, and 3 career satellite teachers. Within the staff, there are 8
mathematics teachers at the high school and 2 intervention specialists that work with math
classes. There are 259 seniors in the 2021 graduating class; all participants of this study are part
of this graduating class. Of the 259, 130 of them attend the high school, 59 attended the high
school remotely, while the other 70 attend Upper Valley Career Center. During the 2020-2021
school year, students were able to learn in person or online due to COVID-19. At Piqua High
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School, there were approximately 586 students that learned in person, 40 that started in
person but went remote at some point during the first semester, 274 that were online the
entire year, and 167 that attended Upper Valley Career Center. During this year, the daily
attendance rate was about 86.5% which is significantly lower than the usual year of about 92%.
One of the assistant principal’s believed this attendance decrease was due to COVID-19 and
students having to quarantine because they had the virus or came in contact with someone
that had it. Within the entire district, there are 3287 students between the high school, junior
high, intermediate, and two primary schools.
Some of the participants involved in this study attend the Upper Valley Career Center,
UVCC. This is a public vocational school located in Piqua, Ohio as well. This career center serves
students from some schools in Miami or Shelby County. Students that attend this school have a
home district; this is the district they attended before being accepted into the career center.
The students included in this study that attend the UVCC attended Piqua High School at least
during their freshman and sophomore years before getting accepted and attending the career
center either their junior or senior year.
There are 125 participants in the study with a variety of demographics. Students were
randomly selected from all Piqua High School students that had taken the Algebra I assessment
and ACT by December 2020 and plan to graduate in the spring of 2021. Of the participants,
there are 54 males and 71 females, 44 students who took the Algebra I assessment as eighth
grade students, and 81 students who took the Algebra I assessment in the ninth grade. There
were 106 students who identified as white, two students that identified as Hispanic or Latino,
five that identified as black or African American, two that identified as Asian or Pacific Islander,
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and ten students that identified as two or more races. There were 44 students that are
identified as gifted and talented, four that have a 504 plan, eight that have an IEP, and 69 that
are not identified as exceptional. Of the 125 students, 30 were on a free lunch plan, nine were
on a reduced lunch plan, and 86 did not have any financially assisted lunch plan. 70 students
stated they planned to obtain a Bachelor’s degree, 12 want a professional level degree such as
a masters, doctorate, or a professional license like an MD, MDD, Law, etcetera, three students
want a vocational technical degree, three want some graduate level study which means they
plan to get a Bachelor’s degree and part of a graduate degree, five want a 2-year degree, three
have other future plans, and 29 chose not to answer this question on the questionnaire when
taking the ACT. All students included in this study have taken Algebra I and all except two have
taken Geometry before they took the ACT. Two students were enrolled in Geometry when they
took the ACT, all except those two students had either previously taken Algebra II or were
currently enrolled in Algebra II, or an equivalent class, while taking the ACT. 55 students were
enrolled in a class taken after Algebra II when they took the ACT, 53 of these participants were
either taking an Advanced Placement or college credit course. The students in the study took
the ACT between September 2019 and July 2020 which would have been sometime during their
junior year or the summer between junior and senior year. Of the 125 students, 10 took the
ACT during the first semester of junior year, 108 took it during the second semester of junior
year, and 7 took it during the summer between junior and senior year.
A multiple linear regression was completed during this study. There are seven
predictors: the Algebra I score, gender, SES, race/ethnicity, future educational plans, if a
student is identified as gifted or special needs, and the math class the student was enrolled in
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when taking the ACT. These predictors were used to find a relationship with either the ACT
composite or ACT math subscores. Using an a priori f-test with a moderate effect size, 0.15,
alpha being .05, power of .80, and 7 predictors, the total sample size needed is 103. Since this
study has a sample size of 125, a post hoc f-test with alpha being .05, sample size 125,
moderate effect size of .15, and 7 predictors, the power is .888.
Instrumentation
Data was collected by one of the curriculum directors of Piqua City Schools. All data that
was used had previously been collected; the data needed to be compiled into one file. Algebra I
and ACT test scores are given to the school district where the students are enrolled by the Ohio
Department of Education and ACT test group. Gender, SES (based on free or reduced lunch),
and students identified as gifted, on IEPs, or on 504s are all data that Piqua City Schools must
keep on all students each year. This data then had to be compiled into one set of data for this
study by the curriculum director. The math class a student was enrolled in while taking the ACT
was data the curriculum director was able to obtain from each student’s transcript. While
taking the ACT, there are demographic questions students must answer and these questions
are also shared with the school district in which they are enrolled when the test scores are
shared. Some of these questions include the student’s future educational aspirations and
race/ethnicity they identify best with. Other questions included in the questionnaire were not
used for this study.
As the data was compiled, the curriculum director created a spreadsheet with each
category for each student. Algebra I scores, ACT composite scores, and ACT math scores were
given quantitatively. For the Algebra I scores, both the overall test score and performance score
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was given. The overall test score ranges from 638 to 777 in this set of data while the
performance score ranges from 1 to 5. The ACT composite scores range from 12 to 29 in this set
of data while the ACT math scores range from 9 to 28.
All other data for this study was given qualitatively. Gender was given by male or
female. SES was free lunch, reduced lunch, or neither. Special needs was defined as gifted, IEP,
504, or none. The options for math class a student was enrolled in were Geometry, Algebra II,
Advanced Algebra II, Math III RTI, Math Lab, Precalculus, Finance and Banking, Edison State
College Math 125S, Advanced Placement Calculus, Wright State University College Algebra, or
Edison College Math 119S. A student’s future educational aspirations were bachelor’s degree, a
professional level degree, a vocational technical degree, some graduate level study, a 2-year
degree, other future plans, or chose not to answer. For this study, race and ethnicity were given
by white, Hispanic, or Latino, black or African American, Asian or Pacific Islander, or multiracial.
Procedure
Data was collected by the curriculum director of Piqua High School. The curriculum
director keeps all of this data for Piqua High School normally but had to compile it into one
location for this study. Once compiled, the curriculum director was able to eliminate students
that had missing data. From that list, he was able to randomly select the 125 students that
would be used for the study.
The Institutional Review Board approved this study to be conducted, see appendix for
documentation. All students involved in this study were selected at random from the Piqua
High School class of 2021. When the data was given to the researcher, all names had already
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been removed from the list as well as any student numbers or identification numbers. Although
this study does involve students under the age of 18, only student demographics and data were
used. No students were involved in the study. No personal student information was used, and
students did not do anything for this study; only their data was used. Most of the data that was
used was open to the public; anyone could get this information about a student. Any of the
data that is not available to the public, is available to all Piqua City School teachers and
educators to access. The students used for this study have no risk being involved; there is no
possibility of harm or discomfort in the student’s daily life. No names were included in the data
given to the researcher and therefore all data collected remains confidential. No identification
of participants will be available during or after the study.
Data Processing and Analysis
This research has four questions that are intended to be answered.
1. Are Ohio state Algebra I test scores predictive of ACT composite scores?
2. Are Ohio state Algebra I test scores predictive of ACT math subscores?
3. Are Ohio state Algebra I test scores and student demographics or characteristics
predictive of ACT scores?
4. Does mean ACT differ significantly across math class when controlling for
Algebra I assessment?
The researcher has hypothesized on the research questions of the study and before
conducting any tests thinks the following.
1. The Ohio state Algebra I assessment is not predictive of the composite ACT
score; there is not a statistically significant p-value.
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2. The Ohio state Algebra I assessment is predictive of the ACT math subscore;
there is a statistically significant p-value.
3. Socio-economic status, race and ethnicity, and the math class a student was
enrolled in when taking the ACT are likely to help predict the math ACT score
from the Ohio state Algebra I assessment score. There will be a statically
significant p-value for at least one of these categories.
4. The more math classes a student has taken and the higher level of math class a
student is currently in will increase the ACT score. There will be a statistically
significant p-value for higher level math students.
The data was analyzed using various statistical analysis methods that best suit each
research question. No data had to be removed once it was compiled and given to the
researcher. When collecting and compiling the data, the curriculum director eliminated any
students that did not have answers for all data needed. Participants were randomly selected
from the set of all students that had all data required and were a part of the graduating class of
2021. It was decided by the researcher to keep students that did not respond to the future
educational aspirations questions and were left as students that chose not to respond.
The first two research questions are similar and very closely related; how they were
analyzed were similar. Since both of these questions involve one independent variable, Algebra
I test score, and one dependent variable, either ACT composite or ACT math score, and the goal
was to find a potential predictive relationship between the two, these questions were
answered using a simple linear regression. In Meyer’s study on End of Course Algebra I exam
and ACT math scores, she used a simple linear regression to find a correlation between the two
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assessments (13). Prion and Haerling wrote about simple linear regressions and when they
should be used (94). They give an example of students that take a high stakes test and want to
measure performance based on student anxiety level (Prion and Haerling 95). They state that
because it is based on the strength of the relationship between the two variables and the
correlation coefficient, a prediction with this linear regression could be valid (Prion and Haerling
94). A simple linear regression for both of these research questions will give a slope and yintercept which can be used to create an equation in order to make predictions (Prion and
Haerling 95). These studies had similar research questions to the first two research questions of
this study; therefore, similar data analysis methods should be used which implies using a simple
linear regression model.
The third research question involves multiple predictor variables and one continuous
variable. The predictor variables include Algebra I score, gender, race/ethnicity, SES, future
aspirations, math class the student was in when they took the ACT, and if a student is identified
as exceptional in any way. The continuous variable was the ACT composite score or the ACT
math score. Since this research question is also attempting to find a relationship between the
independent and dependent variables but has multiple independent variables, multiple linear
regression techniques were implemented. Higdem et al completed a study on SES, high school
GPA and SAT scores with first year college GPA (21). In their study, they used a multiple
regression model to determine the role of SES in predicting first year GPA relative to the
traditional predictors of SAT and high school GPA (Higdem et al 23). McNeish et al conducted a
study on the contributions of student characteristics and ACT scores focusing on noncognitive
variables (1). Their study used multiple independent variables of student characteristics and
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demographics to find a relationship with ACT scores (McNeish et al 1). The study was conducted
using a blockwise regression model, which is similar to a multiple linear regression model, but
the variables are blocked or chunked based on similar variables (McNeish et al 10). Tienken et
al had a study that examined how family and community demographic variables predict the
number of students that score a proficient or above on the New Jersey state tests in
mathematics and language arts (4). To test the topic, a simultaneous multiple regression and
hierarchical linear regression were both used (Tienken et al 8). When the goal of a research
question is to predict performance based on the best predictive model, a regression analysis is
an appropriate method (Tienken et al 8). Hence it was appropriate to use a multiple linear
regression model for the third research question.
The goal of the multiple linear regression for this research question was to find the best
model. In order to complete that, a backward elimination procedure was used. This method
removes less significant predictor variables in order to find the best combinations of predictor
variables; all independent variables were used to start but any that are not effective or efficient
were eliminated (Qiu and Wu 73). A backward elimination procedure is preferred in this case in
order to allow the results to be inspected from the initial full set of variables (Qui and Wu 73).
This model is also able to handle multicollinearity better than a forward selection model (Qui
and Wu 73). The backward elimination procedure identified which of the student demographic
variables are predictors of the ACT. Initially, all variables were included, but those that were not
statistically significant were eliminated. Therefore, the final model was the most accurate in
order to predict ACT scores.
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The final research question had an independent variable of math class, a dependent
variable of ACT score, and a covariate of Algebra I score. A covariate is a variable that can affect
the dependent variable but is not a variable of interest (Bobbit). For this research question, the
Algebra I score is not intended to be used to determine an effect on the ACT score, but since it
is possible that this variable could affect the ACT score, it would be the covariate while the
math class a student was in was the independent variable. Since this research question used a
covariate, an ANCOVA model was appropriate. The ANCOVA model allowed to test the math
class on the ACT score after accounting for the Algebra I score.
Vogler et al conducted a study to investigate the relationship between multiple
variables to predict the academic performance of students on the social studies state test (199).
Their test included multiple independent variables such as instructional time, gender, and
race/ethnicity with a dependent variable of test performance (Vogler et al 203). The study
controlled for poverty, which was the covariate (Vogler et al 203). Poverty had been identified
as a variable with potential to impact student achievement which resulted in the researchers
conducting an ANCOVA (Vogler et al 206). The study by Vogler et al and the last research
question of this study are similar, having multiple independent variables, one dependent
variable, and a covariate. Therefore, it was reasonable to run an ANCOVA to answer the final
question of this research.
Summary
This chapter covered topics that included the location, participants, and data in the
study. The location of the study and participants were discussed in detail. The instrumentation
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and procedure of data collection and use was addressed. How the data was processed and
analyzed was included.
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CHAPTER IV: RESULTS
Introduction
This chapter will focus on the research questions and the results of each will be
addressed. The purpose of this study was to determine if there is a relationship between the
Ohio state Algebra I assessment and ACT and what, if any, student demographics affect this
relationship. The research questions that will be answered in this chapter are:
1. Are Ohio state Algebra I test scores predictive of ACT composite scores?
2. Are Ohio state Algebra I test scores predictive of ACT math subscores?
3. Are Ohio state Algebra I test scores and student demographics or characteristics
predictive of ACT scores?
4. Does mean ACT differ significantly across math class when controlling for Algebra I
assessment?
Throughout this chapter, the results from the statistical analysis of the data will be
addressed which will include how the data was cleansed, the descriptive statistics of the
variables, reliability testing, and hypothesis testing. The statistical significance levels for all
testing were alpha equal to 0.05.
Data Cleansing
The data was given to the researcher by the curriculum director at Piqua City Schools
who compiled the data needed from existing data. Originally, 126 participants were included in
the data and there were three students with missing data. One student was missing most of
the student demographics and therefore was excluded from the data, leaving 125 participants.
The other two students were missing the ACT composite and/or math score. The curriculum
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director identified these two students as not having finished the ACT. In order to deal with
these two students, the curriculum director found two more students with similar student
demographics as the two original to replace them.
These two students were replaced by two other students that were also intending to
graduate in 2021 but had taken the ACT completely. Student A1 was replaced by student A2;
these students had the same student demographics except student A1 was a white female
while student A2 was a black/African American male. The other four student demographics
were the same for these two participants. Student B1 was replaced by student B2; these
students had the same student demographics except student A1 was a white student identified
as gifted and on a 504 plan while student A2 was a black/African American and not identified as
exceptional. The other four student demographics were the same for these two participants.
Descriptives
The 125 participants had information given about their gender, race/ethnicity, future
educational plans, math class they were enrolled in when taking the ACT, socio-economic
status, students defined as exceptional, Ohio Algebra I state assessment score, ACT cumulative
score, and ACT math score. The mean Algebra I score was 712, the median was 714, the lowest
score was 638 while the highest was 777, the standard deviation was 21.66 and the variance
was 469.22. For the ACT composite scores, the mean and median were both 18, the lowest
score was 12 while the highest was 29, the standard deviation was 3.74 and the variance was
13.96. As for the math section of the ACT the mean was 18 while the median was 17, the
lowest score was a 9 and the highest 28, the standard deviation was 3.42 and the variance was
11.7.
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Two of the most common student demographics to have previously been explored with
test scores are gender and socioeconomic status. Below are two tables that give the mean and
standard deviation for Algebra I, composite ACT, and math ACT scores across genders and
socioeconomic status. Table 1 shows the mean and standard deviation for Algebra I, ACT
composite, and math ACT scores by gender. Table 2 shows the mean and standard deviation for
Algebra I, composite ACT, and math ACT scores by socioeconomic status which was defined by
low (on free lunch), medium (on reduced lunch), or high (by no assistance).
Table 1. Means and Standard Deviation by Gender for Algebra I, ACT composite and math ACT
Algebra I

ACT composite

Math ACT

SD

Mean

SD

Mean

SD

Females 711

21.67

18.1

3.51

17.6

3.14

Males

21.74

18.4

4.04

18.1

3.77

Mean

714

Table 2. Mean and Standard Deviation by Socioeconomic Status for Algebra I, ACT composite
and math ACT
Algebra I

ACT composite Math ACT

Mean

SD

Mean

Low (free)

711

Medium (reduced)

SD

Mean SD

22.20 17.9

3.76

17.9

3.18

704

35.71 18.6

3.61

17.2

5.24

High (no assistance) 714

19.61 18.3

3.78

17.8

3.32

The categorical variables of this research are future educational aspirations, math class
enrolled in when taking the ACT, socioeconomic status, gender, students defined as
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exceptional, race/ethnicity. The number of students in each of those categories were divided
into males and females in Table 3 located in the appendix.
Research Question 1
The first research question is “Are Ohio state Algebra I test scores predictive of ACT
composite scores?” This question was answered using a simple-linear regression since the only
variables are the independent, Algebra I test scores, and the dependent, ACT composite score,
and since the goal was to determine a predictive relationship between them. The first step for
a simple linear regression was to verify the assumptions were met. The assumptions for simple
linear regressions are linearity, independence, homogeneity of variances, and normality.
None of the assumptions were violated for this research question; however, normality
might be slightly violated. Independence was not violated since the data was collected
randomly and also since the scatter plot of the predicted and residual values have no pattern,
see Graph 1. The same graph, Graph 1, of the predicted and residual values was used to check
for homogeneity of variances. Since the vertical distances are mostly equal, this assumption
was not violated. Linearity was checked using Graph 1, the scatter plot of predicted and
residual values, as well as Graph 2 which contains the scatter plot of Algebra I test scores and
residuals. Since both of these graphs look random and do not have a pattern then the
assumption of linearity was met. Normality was checked by looking at the histogram of
residuals, shown in Graph 3, which appears to come from a normal distribution. Normality was
also checked by running a normal qq-plot, shown in Graph 4. Since the majority of the points
are close to the line, it is likely that normality was met; however, one could argue that
normality could have been violated since the points in the lower left of the graph are further
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from the line than the rest. Since all of the assumptions of a simple-linear regression were met,
the test was able to continue with the data as is.
Graph 1. Scatter Plot of Predicted and Residual Values

Graph 2. Scatter Plot of Algebra I Test Scores and Residual Values
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Graph 3. Histogram of Residuals

Graph 4. Normal QQ-Plot

A simple linear regression was calculated to predict ACT composite scores using Algebra
I scores. A significant regression equation was found (F(1, 123) = 96.12, p<.001), with an R 2 of
0.44. Participants’ predicted ACT composite score is equal to –63.18+0.11*Algebra I score
(equation 2.1, 𝑦 = −63.18 + 0.11𝑥 where y is the ACT composite score, and x is the Algebra I
score). Therefore, the ACT composite score increased 0.11 points for each point of increase on
the Algebra I test, or the ACT composite score increased 1 point for every 9-point increase on
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the Algebra I test. This regression has an AIC of 617.09 and a 95% confidence interval of 0.09 to
0.13. Tables 4 and 5 below give the information from the regression that was run.

Table 4. Summary of Model

Estimate

Standard Error

t-value

p-value

Intercept

-63.18006

8.30627

-7.606

6.31e-12

Algebra I scores

0.11424

0.01165

9.804

2e-16

Table 5. Summary of ANOVA

DF

Sum of Squares

Mean Square F-value

P-value

Algebra I score

1

759.38

759.38

2.2e-16

Residuals

123

971.79

7.90

96.115

Research Question 2
The second research question is “Are Ohio state Algebra I test scores predictive of ACT
math scores?” This question was answered using a simple-linear regression as well since the
only variables are the independent, Algebra I test scores, and the dependent, ACT math score,
and since the goal was to determine a predictive relationship between them. The first step for a
simple linear regression was to verify the assumptions were met. The assumptions for simple
linear regressions are linearity, independence, homogeneity of variances, and normality.
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None of the assumptions were violated for this research question; however, normality
might be slightly violated. Independence was not violated since the data was collected
randomly and also since the scatter plot of the predicted and residual values have no pattern,
see Graph 5. The same graph, Graph 5, of the predicted and residual values was used to check
for homogeneity of variances. Since the vertical distances are mostly equal, this assumption
was not violated. Linearity was checked using Graph 5, the scatter plot of predicted and
residual values, as well as Graph 6 which contains the scatter plot of Algebra I test scores and
residuals. Since both of these graphs look random and do not have a pattern then the
assumption of linearity was met. Normality was checked by looking at the histogram of
residuals, shown in Graph 7, which could be problematic, but could also come from a normal
distribution. Normality was also checked by running a normal qq-plot, shown in Graph 8. Since
the majority of the points are close to the line, it is likely that normality was met; however,
one could argue that normality could have been violated since the points in the lower left of
the graph and the upper right of the graph are further from the line than the rest. The
researcher determined that normality was met and continued with the simple linear
regression. Since all of the assumptions of a simple-linear regression were met, the test was
able to continue with the data as is.
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Graph 5. Scatter Plot of Predicted and Residual Values

Graph 6. Scatter Plot of Algebra I Test Scores and Residual Values
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Graph 7. Histogram of Residuals

Graph 8. Normal QQ-Plot

A simple linear regression was calculated to predict math ACT scores using Algebra I
scores. A significant regression equation was found (F(1, 123) = 83.83, p<.001), with an R 2 of
0.41. Participants’ predicted math ACT score is equal to –53.81+0.1*Algebra I score (equation
2.2, 𝑦 = −53.81 + 0.1𝑥 where y is the math ACT score, and x is the Algebra I score). Therefore,
the math ACT score increased 0.1 points for each point of increase on the Algebra I test, or the
math ACT score increased 1 point for every 10-point increase on the Algebra I test. This
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regression has an AIC of 602.21 and a 95% confidence interval of 0.098 to 0.102. Tables 6 and 7
below give the information from the regression that was run.
Table 6. Summary of Model

Estimate

Standard Error

t-value p-value

Intercept

-53.80818

7.82653

-6.875

2.76e-10

Algebra I scores

0.10053

0.01098

9.156

1.47e-15

Table 7. Summary of ANOVA

DF

Sum of Squares

Mean Square F-value

P-value

Algebra I score

1

587.99

587.99

1.468e-15

Residuals

123

862.78

7.01

83.826

Research Question 3
The third research question is “Are Ohio state Algebra I test scores and student
demographics or characteristics predictive of ACT scores?” This question was answered using a
multiple linear regression since it has seven predictors (Algebra I score, race, gender,
socioeconomic status, math class enrolled in when taking the ACT, future educational
aspirations, and exceptionality) and one continuous variable (ACT score). First, the
assumptions for a multiple linear regression had to be met. These assumptions are normality,

72

independence, no multicollinearity, linearity, and homogeneity of variances. None of the
assumptions were violated to complete a multiple linear regression.
Initially, a multiple linear regression with all variables was completed. For this test, each
of the categorical variables had dummy variables created in order to find a prediction
equation. The reference group for future educational goals was attending college, for gender it
was females, for race it was Asian/Pacific Islanders, for exceptionalities it was students labeled
as gifted, for math course enrolled in while taking the ACT it was students in Algebra II, and for
socioeconomic status it was students on free lunch. These reference groups were determined
by the testing program used, which was R version 3.6.3 (R Core Team).
For this test, all of the assumptions were checked, and none were violated. Graph 9
shows the scatter plot of fitted and residuals which does not have a pattern, implying that
independence of variables was met. This same graph is used to see that the variance
assumption is met since the spread is relatively the same vertically. Normality was checked
using the normal qq-plot that is presented in Graph 10; the normality assumption was met.
Finally, multicollinearity was checked using the variance inflation factors, VIF, which is given in
table 8. There was some concern with the VIF of exceptional students and the math course
enrolled in during the ACT; however, based on Andy Field’s suggestion a VIF less than 10 is not
violating the multicollinearity assumption (Field et al 293).

73

Graph 9. Residual and Fitted Values Plot

Graph 10. Normal QQ-Plot
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Table 8. Variance Inflation Factors
Variable

GVIF

Df

GVIF^(1/(2*DF)

Algebra I Score

1.93

1

1.39

Future Edu. Plan

1.77

3

1.10

Gender

1.12

1

1.06

Race

2.27

4

1.11

Exceptional students

5.21

3

1.32

Math Course during ACT 4.42

3

1.28

SES

2

1.15

1.78

A multiple linear regression was calculated to predict the ACT composite score based on
Algebra I scores, race, gender, exceptionality, SES, math class enrolled in during the ACT, and
future educational plans. A significant regression equation was found (F(17, 107) =8.29, p<.05),
with an R2=0.57 and adjusted R2=0.5. The prediction of participants’ ACT composite score has
an intercept of –47.24 and a coefficient of 0.09 for Algebra I score, meaning as the Algebra I
score increases by 1 point the ACT score will increase by 0.09 points. The estimate for the
categorical variables along with the standard error, t-value, and p-value for each variable are
given in table 9, located in the appendix.
These estimates determine how much the ACT score increases or decreases compared
to the reference group. Therefore, a student that plans to get a master’s would score 1.25
points higher than a student that plans to go to college. A student that does not plan to go to
college would score 0.45 points lower than a student that plans to go to college. A student that
did not respond about college would score 1.46 points lower than a student that plans to go to
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college. A male would score 0.24 points higher than a female. A black student would score 1.76
points higher than an Asian student; a Latino student would score 1.61 points lower; a
multiracial student would score 0.02 points higher, and a white student would score 1.28 points
higher than an Asian student. A student on an IEP would score 0.90 points higher than a gifted
student, a student on a 504 plan would score 1.73 points higher, and a student not labeled as
exceptional would score 0.12 points lower than a gifted student. A student in an AP or college
credit class would score 1.62 points higher than a student in Algebra II, a student in Geometry
would score 1.33 points lower, and a student in a class after Algebra II would score 2.00 points
higher than a student in Algebra II. A student on reduced lunch would score 2.03 points higher
than a student on free lunch and a student with no financial lunch help would score 0.22 points
lower than a student on free lunch.
Not every variable in this regression was statistically significant. The only variables that
were significant were Algebra I scores, future educational goals being to not go to college, and
math class enrolled in being a class after Algebra II. All of these were significant at p=.05. The
results of the ANOVA are given in table 10. This regression had an AIC of 616.19, this will be
used to compare the next regression that was created in order to determine which one is the
better fit.
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Table 10. Summary of ANOVA
Df

SS

MSS

F

P

Algebra I

1

759.38

759.38

108.78

2e-16

Education goals

3

51.37

17.12

2.45

0.07

Gender

1

2.74

2.74

0.39

0.53

Race

4

32.36

8.09

1.16

0.33

Exceptionality

3

73.10

24.37

3.49

0.02

Math course

3

38.13

12.71

1.82

0.15

SES

2

27.14

13.57

1.94

0.15

Predictors

17

984.22

57.90

8.29

5.38e-13

Residuals

107

746.94

6.98

Since not many of the variables were statistically significant, the researcher continued to
test multiple linear regressions next with a backwards elimination method. For this model, all of
the predictors were used to start with, but were eliminated by the computer program and each
predictor was eliminated one by one if they did not contribute to the regression. The
assumptions from the previous regression had to be checked again, using the same methods.
Graph 11 is the scatter plot of fitted and residuals which once again does not have a pattern,
implying that independence of variables was met. This same graph is used to see that the
variance assumption is met since the spread is relatively the same vertically. Normality was
checked using graph 12 which has the normal qq-plot; since there is little deviation of the
points from the line the normality assumption was met. Finally, multicollinearity was checked
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using the variance inflation factors, VIF, which is given in table 11. Again, there is no concern
with multicollinearity since all of the values are less than 1.
Graph 11. Scatter plot of fitted and residual values

Graph 12. QQ-plot

Table 11. Variance Inflation Factors
GVIF

Df

GVIF^(1/(2*Df))

1.27

1

1.13

Math course during the ACT 1.27

3

1.04

Algebra I score
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A multiple linear regression using a backwards elimination process was calculated to
predict the ACT composite score based on the statistically significant predictors of Algebra I
scores, race, gender, exceptionality, SES, math class enrolled in during the ACT, and future
educational plans. When the backwards elimination process was completed, the only
statistically significant variables remaining were Algebra I score and math class the student was
enrolled in when taking the ACT. With those predictor variables, a significant regression
equation was found (F(4, 120) =31.22, p<.05), with an R2=0.51 and adjusted R2=0.49. The
prediction of participants’ ACT composite score has an intercept of –49.61 and a coefficient of
0.09 for Algebra I score, meaning as the Algebra I score increases by 1 point the ACT score will
increase by 0.09 points. The estimates for the math class enrolled in when the participant took
the ACT are given in table 12 along with the standard error, t-value, and p-value for each
variable. The variables for math course students were enrolled in when taking the ACT had a
reference group of students that were in Algebra II. This left AP or college credit, Geometry,
and a high school level class after Algebra II as the non-reference groups that were tested.
Table 12. Summary of Model
Variable

Estimate Standard Error

t-value p-value

Intercept

-49.61

8.76

-5.66

1.03e-07

Algebra I score

0.09

0.01

7.57

8.55e-12

AP or College credit

2.10

0.97

2.17

0.03

Geometry

-0.68

1.93

-0.35

0.73

Class after Algebra II

2.18

0.54

4.04

9.47e-05
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These estimates determine how much the ACT score increases or decreases compared
to the reference group. Therefore, a student that was taking an AP or college credit class would
score 2.10 points higher on the ACT than a student taking Algebra II. A student taking Geometry
would score 0.68 points lower than a student in Algebra II. And a student in a class after
Algebra II would score 2.18 points higher than a student in Algebra II.
The backwards elimination process for a multiple linear regression is intended to create
a regression with only statistically significant predictors and should be an improvement on the
original model created. Both Algebra I scores and math class the participant was enrolled in
during the ACT are significant predictors, being significant at p=0.5. The results of the ANOVA
are given in table 13. This regression had an AIC of 606.10; since this is lower than the original
model of 616.19 the backwards elimination model is a better fit. Therefore, the math class a
student was enrolled in during the ACT is the only significant student characteristic that is
predictive of the ACT composite score with the Algebra I score.
Table 13. Summary of ANOVA
Df

SS

MS

F

P

Algebra I score

1

759.38

759.38

107.42

2.2e-16

Math class enrolled in

3

123.50

41.17

5.82

0.0009

Predictors

4

882.88

220.72

31.22

8.19e-18

Residuals

120

848.29

7.07

Research Question 4
The fourth and final research question was “Does mean ACT differ significantly across
math class when controlling for Algebra I assessment?” This question was answered using an
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ANCOVA since it had one predictor (math class enrolled in), one continuous variable (ACT
score), and a covariate (Algebra I score). In order to answer this question a few changes had to
be made to the data set from the previous questions. After the changes were met and before
running the ANCOVA, the assumptions of an ANCOVA were checked.
There were three changes made to the data set before testing the assumptions and
running the ANCOVA. First, the two students that were enrolled in Geometry were deleted,
leaving only 123 participants who were all enrolled in Algebra II or a class after taking Algebra II.
The reason for deleting these two participants was that there were not enough of that group to
be statistically significant. Previously students were grouped in math classes enrolled in by
Geometry, Algebra II or equivalent, a class after Algebra II, and an Advanced Placement or
college credit class after Algebra II. For this research question, besides deleting the two
Geometry students, students were also regrouped into two groups. The groups were Algebra II
or equivalent and a class after Algebra II (AP, college credit, or a traditional high school math
class after Algebra II). This change was made in order to help a few of the ANCOVA assumptions
be met. For the last change, students’ Algebra I scores were converted into their score from a 1
to 5 (which is the second way the state of Ohio gives a score for this assessment). Students with
a score of 618-681 score a 1, a score of 682-699 score a 2, 700-724 score a 3, 725-753 score a 4
and 754-814 score a 5. Of the 123 participants, 7 had a score of 1, 20 had a score of 2, 63 had a
score of 3, 30 had a score of 4, and 3 had a score of 5. This allowed the covariate to have 5
groups that are naturally grouped in the state of Ohio.
The assumptions for an ANCOVA were tested before completing the ANCOVA to answer
the research question. The assumptions were equal variances, normality, homogeneity of
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regression slopes, and independence of covariate and treatment. A levene test was used to
determine equal variances for both Algebra I scores and ACT composite scores over class. The
Algebra I scores were not statistically significant over class F(1, 121) =0.04, p=.85 which implies
there were equal variances. The ACT composite scores were not statistically significant over
class F(1, 121) =1.94, p=.17 which also implies there were equal variances. A Shapiro test for
normality was run for both Algebra I scores and ACT composite scores. The Algebra I score had
p=.09 which implies normality; however, the ACT score had p=.005 which is statistically
significant implying it is not from a normal distribution. It was decided by the researcher to
continue even with this violation of assumption. The interaction effect of Algebra I score, and
class was not statistically significant F(1, 119) = 0.9, p=.76, which implies no violation of
homogeneity of regression slopes. Lastly, an ANOVA analysis for the covariate, Algebra I scores,
over class had statistical significance F(1, 121) =16.47, p<.05; therefore, there was a violation of
independence of the covariate and treatment. This violation could be an issue, but the
researcher decided to continue as it was, and this violation is addressed in chapter 5.
A one-way between groups analysis of covariance (ANCOVA) was conducted to compare
the effectiveness of two different math course types. The independent variable was the math
course type (class): Algebra II or Post Algebra II. The dependent variable was the student’s ACT
composite score, while the student's Algebra I score was used as the covariate. The study
implemented an unbalanced design with n=68 (55.28%) in Algebra II and n=55 (44.72%) in a
class after Algebra II. Means (standard deviations in parenthesis) for ACT and Algebra I scores
across math class are given in table 14. Histograms and boxplots are provided in the Appendix.
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Table 14. Means and standard deviations for ACT and Algebra I score across math class
ACT Composite Score

Algebra I Score

Algebra II

16.63 (2.84)

2.75 (0.82)

Post Algebra II

20.35 (3.67)

3.35 (0.80)

After adjusting for the covariate, Algebra I score, there was statistical significance
between the two math class types on ACT composite scores, F(1, 120) =21.45, p<.05, 𝜂2 =0.15,
and power=1.00. Therefore, when the effect of the Algebra I score is removed, the effect of the
class is statistically significant. There was statistical significance between Algebra I scores and
ACT composite scores, F(1, 120)= 41.27, p<.05, 𝜂2 =0.26 and power=1.00. The Algebra I score
significantly predicts the ACT score; therefore, the ACT score is influenced by a student’s
Algebra I score. Table 15 gives the results of the ANCOVA. Since there was statistical
significance in the ANCOVA, a Tukey post hoc was conducted. The results of the post hoc are
given in table 16.
Table 15. ANCOVA Results
SS

Df

F

P

Intercept

1111.81

1

141.60

2.2e-16

Class

168.41

1

21.45

9.285e-06

Algebra I score

324.04

1

41.27

2.788e-09

Residuals

942.20

120
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Table 16. Tukey Post Hoc Results

Post Algebra II to Algebra II

Estimate St.
Error

t
value

p value

95% CI
Lower

95% CI
Upper

2.51

4.63

9.29e06

1.44

3.58

0.54

Conclusion
Throughout this chapter, the four research questions were tested and answered. It was
found that Algebra I test scores are predictive of ACT composite scores as well as ACT math
scores. There are student characteristics and demographics that along with the Algebra I scores
are predictive of the ACT composite scores. And the effect of the math class a student was
enrolled in was significant of the ACT composite score when controlling for the Algebra I score.
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CHAPTER V: SUMMARY
Introduction
The purpose of this study was to find relationships between the Ohio Algebra I state
assessment, student demographics and characteristics, and ACT composite or math scores. This
chapter includes the summary and conclusion of the research study conducted on Algebra I
state assessment scores, student demographics, and ACT scores for students at Piqua High
School. This chapter will also include a connection to the theoretical framework,
recommendations for future studies using this research, as well as a discussion of limitations of
the study.
Summary of Findings
Throughout high school students take many standardized tests, some of which affect
their futures. The Ohio Algebra I assessment is a required assessment to graduate high school
and the ACT is an assessment that could affect what college a student is accepted into or a
scholarship amount. The researcher conducted a study in order to determine how students’
scores on these assessments are related and what are some student demographics or
characteristics that increase this relationship. The characteristics that were studied were
gender, race, math class enrolled in when taking the ACT, exceptionality of the student, socioeconomic status through free or reduced lunches, and future educational aspirations of the
student.
Algebra I Assessment Related to Composite ACT
The first research question was “Are Ohio state Algebra I test scores predictive of ACT
composite scores?” With this question, it was found that there is a significant positive
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relationship between a student’s Algebra I assessment score and ACT composite score. This
implies that the better a student does on the Algebra I assessment, the better they will do on
the ACT as well. There will be students that this is not the case for; however, on average the
higher the Algebra I score, the higher the ACT composite score.
This research question was an extension of previous research. The researcher was
unable to find any research that investigated the relationship between and end of course
Algebra I exam and ACT composite scores. A previous study conducted by Meyer found a
predictive relationship between the Missouri end of course Algebra I exam and ACT
mathematics score; however, this study did not investigate the relationship with the ACT
composite (13).
This finding can be useful to teachers, students, parents, and others involved in a
student’s education. By knowing there is a positive relationship between both assessments, it is
possible that more can be done to help students do better on these assessments. Math
teachers prior to Algebra I (elementary and middle school teachers) can use this knowledge to
help prepare their students as best as possible for Algebra I so the Algebra I teachers can spend
their time teaching only the Algebra I standards and less time on standards from previous math
classes. The more time an Algebra I teacher can spend teaching Algebra I and less teaching prior
knowledge, the more likely a student would have a higher score on the Algebra I assessment.
Math classes and teachers after Algebra I can use the Algebra I assessment scores to
help prepare all students for the ACT. Knowing there is a positive relationship between these
two assessments, teachers can spend more time helping the students that scored lower on the
Algebra I assessment to prepare them more for the ACT. Students and their parents can also do
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the same. Knowing a student scored lower on the Algebra I assessment implies that student
may need more help, practice, and learning before taking the ACT than a student that scored
higher. The student and parent could hire a tutor, do more practice ACT preparation, or get
more help in their current math classes.
Algebra I Assessment Related to Mathematics ACT
The second research question was “Are Ohio state Algebra I test scores predictive of
ACT math scores?” This question also found a significant positive relationship between a
student’s Algebra I score and mathematics ACT score. This implies that the better a student
does on the Algebra I assessment, the better they will also score on the math portion of the
ACT. Once again, this does not mean it is true for all students but is true for students on
average. It is still possible that a student that scored lower on the Algebra I assessment than a
peer could score higher than that peer on the math section of the ACT. This finding supports
what Megan Meyer previously found in her study that there is a strong significant predictive
power between the Missouri end of course Algebra I exam and the ACT mathematics score
(15).
Similar to the first research question, the findings of this research question could
potentially help teachers, students, parents, and others involved in a student’s education.
Meyer noted in her findings that knowing a student’s Algebra I score would allow the student
to follow their current study habits if their predicted ACT math score is ideal or would allow the
student to attempt to prepare and study more for the ACT if they want a higher score (17).
Teachers and others involved in the student’s education could do the same; if the predicted
ACT math score is acceptable then nothing would need to be changed. However, if a higher
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score is desired then teachers and others could attempt to help the student prepare more
before taking the test.
Algebra I Assessment and Student Demographics Related to the ACT Scores
The third research question was “Are Ohio state Algebra I test scores and student
demographics or characteristics predictive of ACT scores?” This question was answered by
finding two different predictive models, first using a multiple linear regression, and identifying
any statistical variables, then using a multiple linear regression with a backwards elimination
process. The second of these models was a better fit since it had a lower Akaike information
criterion (AIC). This model determined the only significant student demographic or
characteristic that helped the Algebra I score predict the ACT composite score was the math
class a student was enrolled in when they took the ACT. It was found that gender, race,
exceptionality of a student, future educational aspirations, and socioeconomic status were not
statistical predictors on the ACT.
There were several previous studies that investigated similar research questions. All the
previous studies had only explored student demographics and characteristics with the ACT (or
in some cases the SAT). None of the previous studies had the end of course Algebra I score as a
factor. Each study had several different outcomes with very few similarities about which
demographics or characteristics affected the ACT scores. The study conducted by McNeish, et
al, was the only one that had math classes taken by a student as a significant predictor of the
ACT score (21). However, this study found that socioeconomic status and gender are not
significant predictors, and this supports what Higdem et al found in their study (24).
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The findings of this research question could be very useful to students and others
involved in their education. It was found that the Algebra I score and the math class a student
was enrolled in when taking the ACT are predictive of the ACT score. It was found that along
with the Algebra I score, being enrolled in any class after Algebra II would improve the ACT
score. Therefore, students would be able to attempt to raise their ACT score by using the
Algebra I score and/or the class they are in when taking the ACT. As previously stated, the
student can use the Algebra I score and predicted ACT score to determine if they should keep
their current study habits or attempt to improve them in some way. A student can use the math
class enrolled in to help determine when they should take the ACT. Since it was found that
being in any class after Algebra II tends to lead to higher ACT scores, if a student wants a higher
score than predicted they should wait until after they have taken Algebra II. This may mean
waiting to take the test or taking the test a second (or more) time in order to improve their
score.
Math Class Enrolled in Related to ACT Controlling for Algebra I Score
The fourth and final research question was “Does mean ACT differ significantly across
math class when controlling for Algebra I assessment?” This research question was investigated
due to the fact that the math class a student was enrolled in was a significant variable in
research question 3. Since the math class was significant, it was important to determine how
this variable affected the ACT when the Algebra I score was controlled for, as a covariate. It had
been seen in the first three research questions that the Algebra I score is a positive predictor
with the ACT, so for this question the Algebra I score needed to be controlled for to determine
how much the math class affected the ACT score.
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This question had not been previously explored in any research. Most previous research
had only answered questions about the relationship between an end of course Algebra I exam
and ACT or student demographics and ACT. The three had not been investigated together and
therefore using the Algebra I exam as a covariate had also not been done before. This research
question was an extension to previous research.
For this research question, only two groups of classes were used: students in Algebra II
or an equivalent class and students in a class after Algebra II. The main reason for doing this
was to comply with the assumptions for an ANCOVA. It was found that students who were in a
class after Algebra II do better, on average, on the ACT by an estimate of 2.51. Meaning, if a
student was in a class after Algebra II, then they are likely to score 2.51 points higher on the
ACT compared to a student in Algebra II.
This finding is important because it can once again help students attempt to improve
their ACT scores. With these results, students will know that no matter how they did on the
Algebra I assessment, a way they can score better on the ACT is by waiting to take the ACT until
after they have finished Algebra II. With this research question, students also learn that it does
not matter what class they are taking as long as it is a class after Algebra II, and they will be
more likely to score higher on the ACT. It may not always be feasible for students to wait
because some students take Algebra II during their junior or senior year. A student taking it
during their junior year may want to take the ACT before their senior year for certain college
admissions or scholarship which would mean they must take the ACT while taking Algebra II. A
student taking Algebra II during their senior year cannot wait until after they finish Algebra II to
take the ACT since that would be after they graduate high school. However, if it is at all possible
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for a student to wait until after they have completed Algebra II, they should in order to more
likely improve their ACT score. Another possibility would be to take the ACT when they are in
Algebra II and then take it again sometime after finishing that class.
Conclusion of Findings
Some of the findings of this study aligned with previous studies, some of the findings
contradicted previous studies, and some of the findings extended on what previous studies had
discovered. In all cases however, the results of this study identified possible ways the Algebra I
assessment and/or student demographics are related to the ACT. These variables could be used
to potentially help students improve their ACT scores.
Most of the results of this study that have been investigated previously match with what
those researchers also found. This study enforces the thought that an end of course Algebra I
exam has a positive relationship with a student’s ACT score; this was seen in “Using the Algebra
I EOC to Predict ACT Math Subset Scores” (Meyer 17). This research also aligned with previous
research on the idea that student demographics can affect standardized test scores (McNeish
et al, Higdem et al, and Tienken et al). This study reinforced the idea that even though
socioeconomic status and gender are common variables to potentially affect standardized test
scores, these factors were not significant. Two previous studies, “The Role of Socioeconomic
Status in SAT-Freshman Grade Relationships Across Gender and Racial Subgroups,” and
Predicting Middle Level State Standardized Test Results Using Family and Community
Demographic Data,” had both previously stated that these two variables do not affect
standardized test scores as much as some other variables (Higdem et al 24, Tienken et al 4).
Another alignment with the results of this study and previous studies was the variable of math
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class a student was enrolled in when taking the ACT as a predictor for ACT score. In “A
Multidimensional Perspective of College Readiness: Relating Student and School Characteristics
to Performance on the ACT,” it was found that taking higher math classes was predicted to
increase the composite ACT score of the student (McNeish et al 21). This is similar to the finding
of this study that the math class a student was enrolled in when taking the ACT was predicted
to affect the composite ACT score.
There were some findings of this study that did not align with previous studies. McNeish
et al had found that a student’s future educational aspirations affected the outcome of the
standardized test (24). However, in this study that was not a significant factor which indicated
that it does not affect the outcome of the standardized test. This same study had found that
gender and race were also significant predictors of the standardized test outcome, but as
previously stated the current study did not find either of those predictors to be significant
(McNeish et al 24-25).
There were also some findings of this study that extended on what previous studies had
investigated. For example, it was previously found that end of course Algebra I exams are
predictive of the ACT math subscore; however, this study also found that end of course Algebra
I exams are predictive of the ACT composite score as well. Another example that extended on
previous studies was that previously student demographics were the only predictor for
standardized tests but during this study the predictors were student demographics and the end
of course Algebra I exam. Through multiple previous studies, several different student
demographics and characteristics had been found to affect the outcome of standardized tests.
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In this study, that was still the case; however, there was the added variable of the student’s
Algebra I score as a predictor.
All of the outcomes of this study are beneficial to students, teachers, and others
involved in a student’s education. Since all the research questions and results involve a
student’s ACT score, the results of this study could potentially help a student improve their
expected ACT score. Students, teachers, and others can use these results to put practices in
place in order to attempt to raise the predicted ACT score if a student would like a higher score
than anticipated.
Connection to Theoretical Framework
John R. Anderson developed the ACT Theory to help explain how retention and recall of
information occur and how memories are formed and remembered (1-30). His theory
hypothesized that retention and recall improve with repetition; continuing to use a trace the
recall is strengthened. Continuing to practice the same topic or idea could lead to better
retention.
With this study, it was found that the class a student was enrolled in influences the ACT
score of the student. This connects to Anderson’s ACT Theory since taking more math classes
would increase the chances of reusing a topic. Many math classes in high school build on each
other; something is learned in one class then used again to learn something new in a future
class. Therefore, the more math classes a student is able to take before taking the ACT could
improve retention and recall.
Throughout high school students will take Algebra I, Geometry, Algebra II (or an
equivalent class), then have options for what class or classes they will take to complete their
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math courses. A student that is enrolled in Algebra II when taking the ACT has learned less than
a student that is in a class after Algebra II. This could be a reason the ACT score of the student
in Algebra II is likely to be lower than that of the student in a class after Algebra II. Another
potential reason for this score difference is related to the ACT theory of retention and recall.
The student that is in a class after Algebra II has had more classes to continue to practice
concepts that were learned in previous classes. The two students would have potentially
practiced the concepts in Algebra I, Geometry, and/or Algebra II. However, the student in the
class after Algebra II has potentially had the opportunity to continue to practice the concept in
any of their classes after Algebra II. This would allow that student to improve their retention
and recall of the concept and help them more during the ACT.
Taking more math classes before taking the ACT was seen to affect the test score. This
could be related to continuing to use and practice previously learned topics which would
improve the retention and recall. The better the retention and recall of a student, the more
likely they will do better on an assessment. Encouraging students to wait as long as possible to
take the ACT in order to take more math classes could be in their best interest in order to
obtain a higher score.
Limitations
Although it is felt by the researcher that the results of this study are accurate, there
were some limitations. These limitations, if addressed, could potentially change some of the
outcomes. However, even with these limitations dealt with, the results should remain similar
for all research questions.
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One of the limitations for this study was the number of participants within each
category for the variables. The variables included Algebra I scores, gender, socioeconomic
status, race, future educational aspirations, math class enrolled in when taking the ACT,
exceptionality of students, ACT composite scores, and ACT mathematics scores. The three
standardized test score variables (Algebra I assessment, ACT composite, and ACT math) had a
wide variety of scores and were not a limitation. Gender was also well balanced for this study.
However, most of the other variables had at least one category that had a low number of
participants. For socioeconomic status, only 9 of the 125 students were on reduced lunch while
the rest were on free lunch or no assistance. For race 106 of the participants identified as white
while the remaining 19 students were split between black, Asian, Hispanic, or multiracial which
made this variable very unbalanced. The variable of future educational aspirations had only 6
students select no college and 15 select college with some graduate level while the remaining
105 students were either planning to attend college or did not respond. There were only 2
students that were currently in Geometry when they took the ACT and 10 that were taking
Advanced Placement or college credit classes and 113 that were split between Algebra II or a
high school class after Algebra II. There were 4 students on a 504 plan and 8 on an IEP with the
remaining 113 either labeled as gifted or not exceptional.
The variables of student characteristics and demographics being so unbalanced could
have affected the results of this study. If each category for each variable was more even, then
some there could be some changes to the third and fourth research question. It is possible that
more than just the math class a student is enrolled in could affect the ACT score but would only
be seen with more equal categories.
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Another potential limitation for this study was the fact that the researcher used
students only from one graduating class. It is possible that one graduating class is
representative of all graduating classes at Piqua, but it is also possible that this one class was an
outlier for some of the sets of data. Having students from a variety of graduating classes instead
of just one could show some differences in these research questions.
A final limitation to this study was the potential violation of assumptions. For research
questions 1, 2, and 3 the normality assumption for linear regressions was potentially violated.
The researcher did not feel as if the normality assumption was violated using the qq-plots;
however, others may argue that it was. If normality was violated, then something would need
to change in order to answer these questions. Either different data would need to be used that
did not violate normality, or a different type of test would need to be run in order to answer
the questions. The more important violation that occurred was during the fourth research
question. This research question had two assumption violations; the normality of the data and
the independence of the covariate and treatment were violated. The researcher continued with
the data and test as it was; however, these violations could affect the results. The violation of
normality could be addressed as previously stated for the first three research questions. The
independence of the covariate and treatment violation would mean the possibility of needing
to change the data, needing to change the research question, and/or running a new test. It is
possible that having different data, such as more balanced categories, could address this
violation. However, it is possible that would not be enough which would lead to either needing
to change the question or needing to run a different test.
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Addressing these limitations to the study could change the results or at least enhance
the study. It would not be likely that confronting these limitations would drastically change any
of the outcomes in this study. Dealing with these limitations would make the outcomes more
significant and notable.
Recommendations
Now that this research has been completed, there are recommendations for how to
improve or expand what was discovered. Any new researcher that is interested in the end of
course Algebra I exams, ACT or other national standardized tests, and student demographics or
characteristics and the relationship between any or all of these variables could take this study
and make some modifications in order to learn something new.
Making changes to any of the limitations stated in the previous section would be a good
way to further this study. Being able to diversify any or all of the student demographic
categories would be a good way to improve the study and potentially see some new factors
that affect the outcome of the ACT scores. There would not necessarily need to be more
participants total, 125 students had a large enough power; however, having 125 students that
are more diverse in some of the student demographic categories would be more beneficial to
the study. If it is possible to use data that does not violate any of the assumptions that were
violated in this study would also be a recommendation. If such data is not possible to collect,
then repeating the research questions using a different test method would be a better
recommendation. Finally, continuing this study to use students from multiple graduating
classes instead of only one would be a suggestion.
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There are other ways this study could be improved or extended besides those addressed
in the limitations. One such way would be to use students in multiple school districts across the
state of Ohio. Since this study was done with Piqua High School students only, which is a city
school located in the western side of the state, it is possible that there would be different
outcomes for schools of different demographics. Having a variety of schools as well as a variety
of students could change some of the outcomes or increase the significance of the findings.
Using this study, any school would only assume these results would be similar to their school;
however, if a variety of Ohio schools were used then it would be more likely that the results
would be similar for all schools in Ohio.
The student demographics and characteristics used in this study could also be changed.
Looking at the family structure of each student could be a factor that affects test scores. Using
variables such as number of parents in the household, number of siblings in the household,
total household income, education level of each parent in the household, or parent ACT scores
could be new variables that could be used. This could be added to the third research question
of this study or could create a new research question along the lines of “Are Ohio state Algebra
I test scores and student household characteristics predictive of ACT scores?”
There are several changes or new ideas that could be done to this study in order to
improve the findings or to test new questions. These recommendations could continue to help
educators and students prepare for standardized tests. Making changes to the participants
and/or to the variables being tested are a few recommendations that could be made.
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Conclusion
It was seen that there is a connection between the Ohio state Algebra I assessment and
the ACT. It is likely that a student who does better on the Algebra I assessment will do better on
the ACT, both the composite and math subset scores. There is a connection between the
Algebra I assessment and student demographics with the ACT. It is also likely that a student
who does better on the Algebra I assessment and the math class the student was enrolled in
when taking the ACT could affect the score on the ACT. If the Algebra I assessment score is
controlled for, the math class a student was in when taking the ACT is connected to the ACT
score. It was seen that it is probable that the ACT score will increase based on the number of
math classes a student has taken in high school before taking the ACT.
All of the findings of this study have the ability to help students and educators. Any
student that has a specific goal in mind for the ACT can use these findings to attempt to
improve their expected score. Educators can use this information to help guide students about
when to take the ACT as well as how to prepare. If a student wants to score higher on the ACT
than what is expected, the student and any educators can use that to help prepare more. While
a student that is content with their predicted ACT score would be able to prepare as they had
previously planned.
This final chapter concludes the study on how the Ohio state Algebra I assessment,
student demographics, and the ACT are related and how the Algebra I assessment and student
demographics might affect the outcome of the ACT. This chapter presented the summary of the
findings for each of the research topics of this study and a conclusion of all of the findings for
the study. There was a discussion for how this study connected to the theoretical framework, a
99

description of the limitations for the current study was included, as well as ideas for
recommendations for how to improve or continue this study.
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Appendix A
Included in this appendix are tables 3 and 9 referenced in chapter IV. Also included are
histograms and boxplots for ACT composite scores and Algebra I performance scores used in
chapter IV when testing assumptions for the research questions.
Table 3. Frequency Statistics for Categorical Variables by Gender
Variable

Males

Females

Total

Educational Aspirations
College

33 (26.4%)

42 (33.6%)

75

College and some graduate level

3 (2.4%)

12 (9.6%)

15

No college

3 (2.4%)

3 (2.4%)

6

No response

15 (12%)

14 (11.2%)

29

Math class enrolled in when taking the ACT
Geometry

1 (0.8%)

1 (0.8%)

2

Algebra II or equivalent

28 (22.4%)

40 (32%)

68

Post Algebra II class

18 (14.4%)

27 (21.6%)

45

AP/College Credit

7 (5.6%)

3 (2.4%)

10

Socioeconomic status
Low (free lunch)

11 (8.8%)

19 (15.2%)

30

Medium (reduced lunch)

6 (4.8%)

3 (2.4%)

9

High (no assistance)

37 (29.6%)

49 (39.2%)

86

58 (46.4%)

106

Race/Ethnicity
White

48 (38.4%)

105

Black/African American

2 (1.6%)

3 (2.4%)

5

Hispanic or Latino

1 (0.8%)

1 (0.8%)

2

Asian or Pacific Islander

0 (0%)

2 (1.6%)

2

Multiracial

3 (2.4%)

7 (5.6%)

10

Exceptionality
Gifted

20 (16%)

24 (19.2%)

44

504

0 (0%)

4 (3.2%)

4

IEP

3 (2.4%)

5 (4%)

8

None

31 (24.8%)

38 (30.4%)

69

Table 9. Summary of Model for Research Question #3
Variable

Estimate

Standard Error

t-value p-value

Intercept

-47.24

11.18

-4.22

5.06e-05

Algebra I score

0.09

0.02

5.86

5.20e-08

Future educational plans- reference group was college
Masters

1.25

0.80

1.55

0.12

No college

-0.45

1.16

-0.39

0.70

No response

-1.46

0.68

-2.14

0.03

0.47

0.64

Gender- reference group is females
Males

0.24

0.51

Race/Ethnicity- reference group was Asian/Pacific Islanders
Black

1.76

2.42

0.73

0.47

Latino

-1.61

3.03

-0.53

0.60

Multiracial

0.02

2.11

0.01

0.99

106

White

1.28

1.93

0.65

0.51

Exceptionalities- reference group was gifted students
IEP

0.90

1.48

0.61

0.55

504 Plan

1.73

1.65

1.05

0.30

None

-0.12

0.85

-0.14

0.89

Math course enrolled in when taking the ACT- reference group was
students in Algebra II
AP or College credit

1.62

1.09

1.48

0.14

Geometry

-1.33

2.03

-0.66

0.51

Class after Algebra II

2.00

0.89

2.26

0.03

Socioeconomic status- reference group was students on free lunch
Reduced lunch

2.03

1.19

1.70

0.09

None

-0.22

0.61

-0.36

0.72

Histogram of ACT composite score

107

Histogram of Algebra I Scores

Boxplot of ACT composite score by math class

Boxplot of Algebra I scores by math class
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